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Glycomic Analysis of Tear and Saliva in Ocular
Rosacea Patients: The Search for a Biomarker
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ABSTRACT The purpose of this study was to study changes
in glycosylation in tear and saliva obtained from control and
ocular rosacea patients in order to identify potential
biomarkers for rosacea. Tear fluid was collected from 51
subjects (28 healthy controls and 23 patients with ocular
rosacea). Saliva was collected from 42 of the same subjects
(25 controls and 17 patients). Pooled and individual samples
were examined to determine overall glycan profiles and
individual variations in glycosylation. O-and N- glycans were
released from both patients and control subjects. Released
glycans were purified and enriched by solid-phase extraction
(SPE) with graphitized carbon. Glycans were eluted based on
glycan size and polarity. SPE fractions were then analyzed by
high-resolution mass spectrometry. Glycan compositions
were assigned by accurate masses. Their structures were
further elucidated by tandem mass spectrometric using
collision-induced dissociation (CID), and specific linkage
information was obtained by exoglycosidase digestion.
N- and O-glycans were released from 20-mL samples without
protein identification, separation, and purification. Approxi-
mately 50 N-glycans and 70 O-glycans were globally profiled
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by mass spectrometry. Most N-glycans were highly fucosy-
lated, while O-glycans were sulfated. Normal tear fluid and
saliva contain highly fucosylated glycans. The numbers of
sulfated glycans were dramatically increased in tear and
saliva of rosacea patients compared to controls. Glycans
found in tear and saliva from roseatic patients present highly
quantitative similarity. The abundance of highly fucosylated
N-glycans in the control samples and sulfated O-glycans in
ocular rosacea patient samples may lead to the discovery of
an objective diagnostic marker for the disease.

KEY WORDS biomarkers, fucosylation, glycans, glycomic
analysis, mucin, ocular rosacea, oligosaccharides, tear, saliva

INTRODUCTION
R osacea is a widely prevalent, chronic cutaneous
disorder characterized by transient or persistent
central facial erythema, telangiectasia, papules,

pustules, and sebaceous gland hypertrophy localized
primarily on the convexities of the central face (cheeks,
chin, nose and forehead). This condition affects 13 million
Americans and has been reported to have a prevalence of
10% in Sweden. It is most frequently observed in fair-
skinned patients; however, Asians and African Americans
have also been diagnosed with this disorder. It may occur
both in men and women, at any age, but the onset typically
begins after age 30.1

Ocular rosacea represents a common subset of the
disorder and is often the cause of chronic inflammatory
eye disease. While up to 90% of patients with ocular rosacea
may have subtle roseatic skin changes, in 20% of cases, the
ocular signs precede characteristic skin involvement, making
the diagnosis of ocular rosacea particularly challenging in
these patients.2

Unfortunately, there is no diagnostic test for either cuta-
neous or ocular rosacea. No specific histologic or serologic
markers have been established to date. Biochemical methods
for the early and accurate detection of ocular rosacea could
potentially provide both a diagnostic marker as well as an
etiologic explanation. Identifying a specific marker for the
disease will enable earlier and more effective treatment.

The search for a biomarker is a long and difficult
process, involving the identification of a biomolecule that
is both sensitive and specific to a disorder. First, the
OL. 10 NO. 3 / www.theocularsurface.com
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identification of the marker has to be reproducible in the
population of interest (for example, rosacea patients).
Second, testing in other populations (eg, non-roseatic
blepharitis patients) is warranted in order to certify that
the marker is specific to the condition. Additionally,
different laboratories have to be capable of reproducing
the results. This study is only the initial step in the long
pathway toward the discovery of a biomarker for rosacea.

One of the major components of the tear film is mucin,
which is a high-molecular-weight glycoprotein composed of
tandem repeats of amino acids rich in serine (Ser) and
threonine (Thr), which serve as sites for glycosylation.3,4

Glycosylation is the most common post-translational modi-
fication process by which saccharides are linked to lipids
and proteins.4 Glycans attached to proteins in animal cells
can be N-linked (bound to an asparagine side chain in an
Asn-X-Thr or Asn-X-Ser amino acid consensus sequence
with Xs proline), O-linked (with glycans attached to serine
or threonine side chains) or glycosaminoglycans (bound to
a serine side chain).4,5 Oligosaccharides found in mucins
are composed of primarily O-linked oligosaccharides, but
also of N-linked glycans. Fucosylation, a type of glycosyla-
tion, comprises the attachment of a fucose residue to
N-glycans, O-glycans, and glycolipids. Sulfation is a post-
translational modification process in which a sulfate group
(SO3H) is attached to glycans. A review on mucins found
in human ocular surface epithelia has been published.6

Our study is based on the fact that glycosylation is
highly sensitive to the biochemical environment and has
been implicated in many diseases.7,27 Saliva and tear are bio-
logical fluids that are readily accessible and act as a mirror
that reflects the levels of natural and artificial substances
in the body. However, the glycosylation of tear and saliva
has not been well studied. In this study, we globally profiled
glycans isolated from tear and saliva of controls and ocular
rosacea patients.

We have previously shown a high abundance of O-
linked oligosaccharides in the tear fluid of patients with
rosacea.8 To the best of our knowledge, there are no
reported studies of saliva in rosacea patients.

The objective of the present study was to perform glyco-
mic analysis of tears and saliva of roseatic patients and
THE OCULAR SURFACE / JULY 2012, VOL.
compare them to normal patients in order to identify poten-
tial oligosaccharide markers for rosacea and to make an
early and specific diagnosis possible. This may also enhance
our understanding of this common and troublesome disease.
MATERIALS AND METHODS
Patient Selection

Tear fluid samples were collected from two groups of
patients. Subjects with no ocular diseases comprised the
control group. The test group consisted of patients with
ocular rosacea. The diagnosis of ocular rosacea was based
on the standard classification proposed by the National
Rosacea Society Expert Committee.9 According to these
criteria, the presence of one or more of the following signs
with an axial facial distribution is indicative of rosacea:
flushing or transient erythema, persistent erythema, papules
and pustules, telangiectasia. Patients with epithelial defects
and/or corneal ulcers/infiltrates and history of recent (<1
year) ocular surgery were not included. This research fol-
lowed the tenets of the Declaration of Helsinki and was
approved by the Institutional Review Board (IRB)/Ethics
Committee. Informed consent was obtained from all
subjects.

Tear Sample Collection
Tear fluid from the inferior tear meniscus of 51 subjects

(23 patients with ocular rosacea and 28 controls with no
ocular diseases) was collected after light stimulation, using
10-mL microcapillary tubes (Microcaps, Drummond
Scientific Co, Broomall, PA). The method of tear sample
collection had been previously described by our group8;
however, for this study we used a slightly modified tech-
nique, as follows. 1) Under the slit lamp, a bright light
was shone onto the patients’ eyes to stimulate tearing. 2)
A microcapillary tube was held horizontally and its tip
placed to touch the tear meniscus until the tube was
completely filled or until the tear column inside the tube
was no longer advancing. 3) The procedure was repeated
in both eyes, and samples were transferred to a labeled
microcentrifuge tube. 4) The samples were immediately
frozen at �80�C until ready for biochemical analysis.
During collection, the tip of the tube did not touch the eyelid
or eyelashes. The patients were required not to instill eye
drops of any kind for at least 1 hour prior to tear collection.

Saliva Sample Collection
Saliva was collected from 42 of the same subjects (17

ocular rosacea patients and 25 controls). Samples were
obtained with the aid of disposable plastic pipettes (Samco
Scientific, San Fernando, CA) and were collected by the
following method. 1) Patients were asked to collect saliva
under their tongue. 2) Sublingual saliva was drawn into
the pipette by gentle suction. 3) The saliva sample was trans-
ferred from the pipette into a labeled microcentrifuge tube.
4) Immediately after the collection, the samples were frozen
at �80�C until biochemical analysis. The subjects were
10 NO. 3 / www.theocularsurface.com 185
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required to cease eating, drinking, or using oral hygiene
products at least 1 hour prior to saliva collection.

Glycan Release
For N-linked glycans, tears and saliva were added to

100 mM ammonium bicarbonate (NH4HCO3), including
5 mM dithiothreitol (DTT, from Promega) and heated to
100oC for 2 min to denature the protein. After cooling at
room temperature, 2 mL of Peptide N-glycosidase
F (PNGase F, New England Biolabs) were added, and the
mixture (pH 7.5) incubated at 37oC for 24 hours in a water
bath. The released glycans were desalted by solid phase
extraction (SPE) using a graphitized carbon cartridge
(GCC, from Alltech) prior to mass spectrometric (MS)
analysis.

For O-linked glycans, alkaline borohydride solution (100
mL, mixture of 1.0 M sodium borohydride and 0.1 M sodium
hydroxide) was directly added to tears and saliva. The
mixture was incubated at 42�C for 12 hrs in a water bath.
After the reaction, 1.0 M hydrochloric acid solution was
slowly added in an ice bath to stop the reaction and destroy
excess sodium borohydride.

Glycan Enrichment
Released N- and O-linked glycans were purified and

enriched by SPE-GCC. Prior to use, a graphitized carbon
186 THE OCULAR SURFACE / JULY 2012, V
cartridge (150 mg bed weight, 4 mL cartridge volume)
was washed with nanopure water followed by 80% acetoni-
trile (AcN) in 0.05% (v/v) trifluoroacetic acid (TFA) (v/v)
and again with nanopure water. Glycan solutions were
applied to the GCC cartridge and subsequently washed
with several cartridge volumes of nanopure water at
a flow rate of 1 mL/min to remove salts. Glycans were
eluted stepwise with 10% AcN in H2O (v/v), 20% AcN in
H2O (v/v), and 40% AcN in 0.05% TFA in H2O (v/v).
Each fraction was collected and concentrated in vacuo prior
to MS analysis. Fractions were reconstituted in nanopure
water prior to MS analysis.

Mass Spectrometric Analysis
Mass spectra were recorded on a Fourier transform-ion

cyclotron resonance mass spectrometry (FT-ICR MS) with
an external source HiResMALDI (IonSpec Corporation,
Irvine, CA) equipped with a 7.0 Tesla magnet. The
HiResMALDI was equipped with a pulsed Nd:YAG laser
(355 nm). 2,5-Dihydroxy-benzoic acid (DHB) was used as
a matrix (5 mg/100 mL in 50% AcN:H2O) for both positive
and negative modes. A saturated solution of NaCl in 50%
AcN in H2O was used as a cation dopant to increase signal
sensitivity. The glycan solution (0.7 mL) was applied to the
MALDI probe followed by matrix solution (0.7 mL). For
the negative ion spectra, only DHB matrix was used, without
Figure 1. Representative MALDI-MS
spectra of (A) N-glycans released from
control tear and saliva (B) O-glycans released
from tear and saliva obtained from roseatic
patient. Most of N-glycans are fucosylated
while O-glycans are sulfated. Each symbol
represents a monosaccharide. Hexose ¼
circle, N-Acetyl Hexoseamine ¼ square,
Fucose ¼ triangle, Sulfate (SO3H) ¼ S.
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using any dopant. The sample was dried under vacuum
prior to MS analysis.

RESULTS
Pooled and individual samples were examined to deter-

mine overall glycan profiles and individual variations in
glycosylation, respectively. Representative mass spectra of
N- and O-glycans found in tears and saliva are shown in
Figure 1. Approximately 50 N-glycans and 70 O-glycans
were globally profiled. In general, N-glycans produced
strong signals in the positive mode, indicating that most
of them were neutral, while O-glycans primarily produced
strong signals in the negative mode due to their acidic char-
acter. Indeed, we found that most N-glycans found in
controls’ tears and saliva are highly fucosylated, having
Hex:HexNAc:Fuc composition, while O-glycans found in
tears and saliva obtained from rosacea patients were mainly
sulfated. Those glycans are unique and unprecedented in
human serum.10

Sulfated O-glycans were abundant in saliva and tear of
ocular rosacea patients. O-glycans commonly have 2Hex-
NAc:1Hex motif, indicating the presence of mucin core 2
structure (GlcNAcb1-6(Galb1-3)GalNAc). Tandem MS
suggests that the sulfate group is generally located in an
internal position binding to HexNAc. Interestingly, the
THE OCULAR SURFACE / JULY 2012, VOL.
numbers of sulfated glycans were dramatically increased in
roseatic patients’ saliva compared to control samples
(Figure 2). Patients yielded distinctive clusters of glycan
peaks that extend to higher masses. We also found that indi-
vidual and pooled samples showed a very similar pattern in
glycosylation changes (Figure 2a and 2b).

For better comparison, the ocular rosacea patients and
control group were further compared according to glycan
abundances using normalized absolute peak intensity
(NAPI) of glycans and the number of glycans (Figure 3).
To determine whether differences between the patient and
control groups were significant, standard unpaired, two-
tailed, unequal variance T-tests were performed. More
than 44 sulfated glycans were observed in rosacea patients’
saliva with high abundance, while sulfated glycans were
almost undetectable in saliva of controls. We observed
a very similar glycosylation pattern in tear of both control
and patients, although the number of glycans was much
smaller in tear samples than in saliva samples. This result
is consistent with our previous study.8 Overall, 38 of the
44 sulfated glycans were present only in ocular rosacea
patients’ samples, with significant differences (P<0.005),
and could therefore be considered as potential biomarkers.
Six of the 44 sulfated glycans were observed in both control
and ocular rosacea patient groups. These results, including
Figure 2. (A) O-glycan profile of an indi-
vidual saliva sample. Top part of the graph
shows the control saliva sample (#18) while
bottom shows patient saliva (#4). (B) In-
depth profiling of O-glycans released from
pooled control (n¼8) and roseatic patient
saliva (n¼14). All mass spectra were
analyzed in the negative ion mode. Sulfated
glycans are abundant in saliva from roseatic
patients. Individual glycan profiles are very
similar to those observed in pooled samples.
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Figure 3. Sulfated glycan expression between patient and control
group. Normalized intensities of glycans found in saliva and tear of
control and ocular rosacea patient group were compared. T-test was
performed and *** represents significant difference (p<0.005) between
control and patient group.
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the list of potential biomarkers for ocular rosacea, are
summarized in Table 1.

Sulfated glycans can be considered a positive biomarker,
being highly present or increased in ocular rosacea patients.
Unlike sulfated glycans, fucosylated glycans were more
dominant in tear and saliva of controls than in samples
from ocular rosacea patients. Most fucosylated N-glycans
are composed from bi-antennary to tetra-antennary
(Hexn¼4-6HexNAcn¼3-5Fucn¼0-7) and those were signifi-
cantly decreased in both tears and saliva of patients
(Figure 4). Again, pooled and individual samples presented
similar glycan profiles.

Glycans from individual samples (control and patient
group, respectively) were examined to determine glycan
correlation between tears and saliva. Normalized intensities
of glycan peak obtained from tears were plotted against
normalized intensities of glycan peak obtained from saliva
(Figure 5). The correlation coefficients (r) between the
normalized intensity of glycans were in the range of 0.90
to 0.91, showing good correlation between tears and saliva
in individual patients. However, interestingly, we did not
observe any correlation between control saliva and tears.
The results clearly show that glycans expressed from tear
and saliva of ocular rosacea patients have quantitative
similarity.
DISCUSSION
Although considered a skin disease, rosacea often affects

the eyes, causing chronic eyelid and ocular surface inflam-
mation. Ocular involvement has been reported in 58% of
patients with rosacea and corneal involvement in 33%.11

Ocular findings in rosacea are often nonspecific, the most
common being Meibomian gland dysfunction (MGD) and
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blepharitis.2 Other ocular findings include dry eye, chronic
conjunctivitis, recurrent chalazia, corneal vascularization
and scarring, marginal corneal infiltrates, corneal ulceration
and perforation,12 iritis, episcleritis and scleritis.1 We previ-
ously reported a rare case of spontaneous scleral
perforation.13

Ocular rosacea may cause significant visual dysfunction
and permanent loss of vision. The vision-threatening aspects
of rosacea are virtually always associated with chronic,
untreated disease, often in the context of misdiagnosis and
inappropriate therapy. Ghanem et al reported that ocular
rosacea cannot be diagnosed solely by ocular findings.2

The etiology of rosacea is still unknown, although many
factors have been implicated in its pathogenesis. Several
studies confirm an inflammatory mechanism.14,15 An
elevated concentration of interleukin-1 and a greater activity
of gelatinase B (MMP-9) were found in tear fluids of patients
with ocular rosacea. However, elevated levels of MMP-9, in
both latent and active forms, were also noted in the tears of
patients with corneal transplant failure,16 revealing the
unspecific character of this inflammation marker. An
increased level of interleukin-1 was also described in tear
fluid of patients with dry eye.17,18 Recently, cathelicidin, an
antimicrobial peptide with pro-inflammatory action, was
found to be expressed in greater levels in the skin of individ-
uals with rosacea than in normal facial skin.19 These
peptides promote leukocyte chemotaxis, angiogenesis, and
extracellular matrix component expression. Vascular dila-
tion and incompetence may also contribute to the signs
and symptoms of rosacea.20 Microbial organisms such as
Helicobacter pylori and Demodex folliculorum have been
identified as possible causative factors in exacerbation of
the disease.21-23 H. pylori expressing cytotoxin-associated A
(CagA) was found in the majority of rosacea patients, and
its eradication was shown to influence the clinical outcome
of this disease.24,25

Our study employed the tear film as an investigatory
tool in the diagnosis of roseatic disease of the eye. The
tear film, composed of lipid, aqueous, and mucin layers,
has many functions, including maintaining a smooth surface
for light refraction, supplying the cornea with nutrients, and
defending the ocular surface from pathogens. Mucins
comprise one of the major components of tear fluid; these
are heavily glycosylated glycoproteins expressed by mucosal
epithelial cells. Up to 80% of their mass is comprised of
carbohydrates.26 Ocular mucins provide lubrication to the
ocular surface and promote tear stability, being crucial for
the maintenance of the epithelial cells.

Changes in glycosylation in disease states are supported
by 50 years of glycobiology. It has been shown that glycosyl-
ation is strongly affected by diseases such as cancer.
Increased levels of fucosylation have been implicated in
a number of pathologies, such as inflammatory conditions
and cancer.27-29

Glycomics is the comprehensive study of all glycans
expressed in biological systems, eg, tear fluid, serum, or
saliva. As new methods for profiling the glycome are
OL. 10 NO. 3 / www.theocularsurface.com



Table 1. The list of sulfated glycans found only in patients with ocular rosacea.

Glycan Composition

Observed m/z Hex HexNAc Fuc SO3H NAPI

829.240 2 2 0 1 3.75 � 3.37

975.298 2 2 1 1 12.77 � 14.59

1032.319 2 3 0 1 3.53 � 3.83

1121.355 2 2 2 1 9.77 � 6.78

1178.377 2 3 1 1 34.03 � 14.42

1194.372 3 3 0 1 1.76 � 0.58

1324.435 2 3 2 1 42.13 � 2.74

1340.430 3 3 1 1 9.35 � 1.66

1381.456 2 4 1 1 1.66 � 0.58

1397.451 3 4 0 1 1.29 � 0.13

1470.493 2 3 3 1 14.79 � 2.85

1527.514 2 4 2 1 2.99 � 0.55

1543.509 3 4 1 1 7.98 � 1.65

1648.540 4 3 2 1 0.78 � 0.13

1689.567 3 4 2 1 20.89 � 10.55

1778.603 3 3 4 1 7.00 � 1.56

1835.625 3 4 3 1 19.38 � 7.10

1892.646 3 5 2 1 0.87 � 0.17

1908.641 4 5 1 1 0.94 � 0.29

1981.683 3 4 4 1 8.30 � 3.19

2038.704 3 5 3 1 1.30 � 0.29

2054.699 4 5 2 1 3.14 � 1.46

2070.694 5 5 1 1 0.67 � 0.04

2143.736 4 4 4 1 9.81 � 4.90

2159.731 5 4 3 1 0.71 � 0.21

2184.762 3 5 4 1 0.76 � 0.12

2200.757 4 5 3 1 6.59 � 3.41

2216.752 5 5 2 1 2.25 � 1.07

2346.815 4 5 4 1 5.75 � 2.88

2362.810 5 5 3 1 4.39 � 2.17

2419.831 5 6 2 1 0.69 � 0.34

2435.826 6 6 1 1 0.82 � 0.06

2508.868 5 5 4 1 4.88 � 2.93

2565.889 5 6 3 1 1.00 � 0.47

2581.884 6 6 2 1 0.62 � 0.12

2654.926 5 5 5 1 2.89 � 1.42

Table 1. continues on the following page
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Table 1. The list of sulfated glycans found only in patients with ocular rosacea. (continued from previous page)

Glycan Composition

Observed m/z Hex HexNAc Fuc SO3H NAPI

2711.947 5 6 4 1 1.48 � 0.66

2727.942 6 6 3 1 0.73 � 0.25

NAPI represents normalized peak intensity measured by mass spectrometry.

Hex, HexNAc, and Fuc represent hexose, N-acetylhexoamine, and fucose, respectively.
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becoming more readily available, the search for biomarkers
is intensifying. In the past, tear proteomic analysis has been
more commonly used for disease diagnosis. However, the
study of oligosaccharides in human tears and saliva has
not been explored. Glycans offer some advantages as
biomarkers, since their biosynthesis is more affected by
diseases than proteins, and, technically, it is easier to identify
and quantify oligosaccharide expression than protein
expression.

To date, the analysis of human tears has been performed
largely by investigating its protein components. There have
been only a few studies on alteration of mucins in dry eye
190 THE OCULAR SURFACE / JULY 2012, V
syndromes, but they identify a change in mucin gene expres-
sion and translation, as well as mucin post-translational pro-
cessing. A study using real-time quantitative polymerase
chain reaction revealed that the gel-forming mucin
MUC5AC, secreted by goblet cells, is significantly lower in
the conjunctival epithelium of patients with Sjögren
syndrome.30 The glycosylation of mucins is also affected
by dry eye syndromes. Another study on ocular cicatricial
pemphigoid showed that the expression of glycosyltrans-
ferases that initiate O-glycosylation on mucins is altered in
such patients, leading to a change in carbohydrate structures
on the mucins.31
Figure 4. Comparison of N-glycans
released from (A) saliva and (B) tear in
control and patient with ocular rosacea.
Most N-glycans from tear and saliva are
fusocosylated.

OL. 10 NO. 3 / www.theocularsurface.com



Figure 5. Glycan correlation between saliva and tear in (A) control and
(B) ocular rosacea patient.

GLYCOSYLATION IN TEAR AND SALIVA OF OCULAR ROSACEA PATIENTS / Vieira, et al
Since dry eye syndromes have been shown to alter
glycans, the evaporative dry eye present in rosacea patients
could have been responsible for the altered tear glycan
profile in our patients. However, we found a similar glycan
profile change in roseatic saliva; therefore, we speculate that
this profile could be specific for rosacea disease itself, since
rosacea patients do not have any particular oral disease.

We looked at saliva in this study because of the impor-
tance of mucin in salivary secretions. Saliva is produced
and secreted by salivary glands (parotid, submandibular,
sublingual, and minor salivary glands). In human whole
saliva, mucins are the major components of total salivary
proteins.32 Salivary mucins play an important role in mucosal
integrity and lubrication, in speech, as well as in food-related
functions, such as food preparation and digestion.33
THE OCULAR SURFACE / JULY 2012, VOL.
Certain systemic diseases are known to affect the
composition of saliva.34 Analysis of saliva may, therefore,
be useful as a diagnostic tool for systemic disorders. Whole
saliva is most frequently used for the evaluation of these
diseases, and its collection is a noninvasive, nonpainful
procedure that can be performed by individuals with limited
training.

Commonly, ocular rosacea patients have dry eyes, and,
therefore, collecting tears from these patients can be chal-
lenging. The first samples examined did not contain enough
volume to be analyzed individually. For this reason and also
to determine overall glycan profiles, the samples were
pooled initially. Subsequently, individual samples were
examined to observe individual variations in glycosylation.
We found that the individual samples mirrored the pooled
samples, showing very similar glycan profiles.

Most N-glycans were highly fucosylated, whereas O-
glycans were sulfated. Sulfated O-glycans were abundant
in tear and saliva of ocular rosacea patients, being greatly
increased in patient saliva compared to controls. This
result is consistent with our previous study, in which we
analyzed O-glycan profile and showed abundance of these
oligosaccharides in tear fluid of patients with rosacea.8 On
the other hand, fucosylated N-glycans were present in
control samples, being dramatically decreased in both
patient tear and saliva. Highly novel glycans were charac-
terized in this study and may be potential biomarkers for
the disease.

We found that the saliva glycan profile largely reflects
that of tears, with the number of glycans in saliva samples
being much greater than that found in tear samples. Since
it is frequently difficult to collect a sufficient volume of tears
from rosacea patients, and since saliva and tears behave
similarly, it may be possible to analyze only saliva samples
from rosacea patients in the future. As a noninvasive, quick,
and relatively simple diagnostic tool, salivary analysis
provides advantages for biomarker discovery.34,35

Finally, we speculate that sulfation and glycosylation
may play a role in the disease-producing mechanisms of
rosacea. Sulfated O-linked oligosaccharides have been
shown to play a role in cell signaling, adhesion, and inflam-
mation. Changes in tear mucin structure and concentration
may contribute to chronic inflammation and disease
exacerbation.
CONCLUSION
We determined the glycan profile in rosacea patients’

saliva and tear compared with normal, nonroseatic controls.
Our results show a reduction in fucosylated N-glycans and
a dramatic increase in sulfated O-glycans in ocular rosacea
patient samples. These are highly novel glycans and may
potentially lead to an objective biomarker for this disease.
Our results take us one step further toward finding a quick
and definite diagnostic test for rosacea. These findings may
also suggest that sulfation and fucosylation play a role in the
physiology and progression of ocular rosacea.
10 NO. 3 / www.theocularsurface.com 191
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