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Decreased tear lipocalin concentration in patients with
meibomian gland dysfunction
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Background/aim: Recent studies have demonstrated that
tear lipocalin (TL) and phospholipids have a crucial role in
maintaining tear film stability. The level of TL in patients with
meibomian gland dysfunction (MGD) was examined and
these data were correlated with the severity of their clinical
disorder.
Methods: 12 patients with obstructive MGD, 12 patients with
seborrhoeic MGD, and 12 age matched normal control
subjects participated in this study. 3 ml of unstimulated tears
were collected with a micropipette from the inferior tear
meniscus in the right eye of all subjects. Tear samples were
fractionated by high performance liquid chromatography,
and TL concentrations were assayed with a bicinchoninic
acid technique.
Results: The mean concentration of TL in patients with
obstructive and seborrhoeic MGD was significantly lower
than in normal controls. TL concentration correlated positively
with tear film break up time and negatively with fluorescein
staining scores.
Conclusion: These results suggest that TL deficiency may be a
predisposing factor for the manifestation of symptoms in
MGD.

T
ear lipocalin (TL), formerly called tear specific prealbu-
min, comprises 15–33% of the mass of protein in tears.1

TL is a member of the lipocalin superfamily that is
produced in the lacrimal gland as well as in von Ebner’s
gland.2–4 A number of lipophilic substances of different
chemical classes, including fatty acids, fatty alcohols,
phospholipids, glycolipids and cholesterol, are endogenous
ligands of this protein.5 6 Although the physiological roles of
TL are not fully understood, recent studies have demon-
strated that the low surface tension of tears is the result of a
complex of TL with tear lipids.7 8 Glasgow et al have stated
that TL may be a key factor in maintaining tear film stability
by acting as a lipid scavenger.7 This protective function of TL
may be compromised in dry eye syndrome.9

Meibomian gland dysfunction (MGD), a common, chronic
condition of the posterior eyelids, comprises a significant part
of dry eye syndrome.10–12 The lipid layer, the outermost layer
of the tear film produced by the meibomian glands, stabilises
tear films by retarding evaporation and lowering surface
tension. The compositional changes in lipids of meibum (that
is, an increase in polar lipids) in MGD compromise tear film
stability, which is clinically manifest as a shortened tear film
break up time.12

The symptoms of MGD are non-specific and often similar
to those of aqueous deficiency dry eye.11 12 An important
clinical feature of MGD is that findings on examination of the
lid margin often do not correlate well with the severity of
symptoms.12 MGD is frequently associated with lacrimal

insufficiency, and patients with both conditions are likely to
be particularly symptomatic. These observations may suggest
the presence of pathogenic factor(s) other than changes in
the meibomian glands. In this study, we examined TL
concentration in patients with MGD and correlated these
results with the severity of their clinical disorder.

SUBJECTS AND METHODS
Twenty four patients with symptomatic MGD participated in
this study. Diagnoses included obstructive MGD in 12
subjects (six female and six male, average age 67.8 (SD
11.5) years, and seborrhoeic MGD in 12 subjects (seven
female and five male, age 62.4 (11.3) years). The diagnosis of
obstructive MGD was made based on the presence of
plugging of the meibomian gland orifices associated with
thickened, erythematous eyelid margins. For the assessment
of the meibomian gland orifices, digital pressure was applied
on the upper tarsus. When cloudy meibum was expressed
with more than moderate pressure, or when meibum could
not be expressed even with the hard pressure, the diagnosis
of obstructive MGD was confirmed. Seborrhoeic MGD was
diagnosed based on the excessive expression of meibum,
sometime associated with foam along the lateral lower eyelid
margin. Twelve age matched normal subjects (six female and
six male, age 61.0 (8.9) years) were used as normal controls.
Most patients had been treated with preservative free

artificial tears and/or hyaluronic acid eye drops. Patients
using antibiotic eye drops or steroidal eye drops at the time of
study, or who had a history of ocular surgery, were excluded.
The principles of the World Medical Association Declaration
of Helsinki were followed. Each subject received a full
explanation of the study, all procedures involved in the
study, and provided written informed consent before enrol-
ment. Approval for this investigation was granted by the
committee for the protection of human subjects at the Keio
University School of Medicine.
Non-masked observers performed a routine ocular exam-

ination on all subjects, followed by an examination of the
ocular surface, including Schirmer testing, a cotton thread
test, vital staining, and measurement of tear film break up
time (BUT). For vital staining, 2 ml of a saline solution
containing 1% fluorescein and 1% rose bengal was used.13

Results were assessed semiquantitatively using a 0–9 grading
scale for fluorescein staining in the cornea and for rose
bengal staining in both the cornea and conjunctiva.13 14 Tear
film BUT was measured three times, and the measurements
were averaged. Only the right eye of all subjects was used for
analysis.
A volume of 3 ml of unstimulated tears were collected with

a micropipette from the inferior tear meniscus in the right eye
of all subjects on a separate day. Samples were stored at
280 C̊ until assay. A volume of 1 ml of each tear sample was

Abbreviations: BCA, bicinchoninic acid; BUT, break up time; MGD,
meibomian gland dysfunction; TL, tear lipocalin
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fractionated by high performance liquid chromatography
(HPLC).15 The determination of peaks in HPLC was carried
out by using standards of lactoferrin, albumin, and lysozyme
(Sigma, St Louis, MO, USA) based on the report of Baier
et al.15 The elution was performed using a TSK 3000SWxl
column (Tosoh Inc, Tokyo, Japan) with a mobile phase of
0.5 M sodium chloride and 0.1 M sodium phosphate, pH 5.0.
The flow rate was 0.7 ml/min and detection was performed
using a ultraviolet detector set at 230 nm. The fractions
containing TL were collected, and then concentrated by
evaporation under nitrogen gas. The amount of TL was
determined by a bicinchoninic acid (BCA) method. Total
protein concentration was also determined by a BCA method
using a 1 ml tear sample. The final results are expressed as
mg/ml.

RESULTS
The chromatograms demonstrated excellent separation of TL
from other proteins, and were free from interference by
endogenous compounds. A typical chromatogram is shown in
figure 1. The retention time of TL was 10.8 minutes.
TL concentration, total protein concentration, and the

results of ocular surface examination are shown in table 1.
The mean concentration (SD) of TL in patients with

obstructive MGD and seborrhoeic MGD was 0.89 (0.19) mg/
ml, and 1.05 (0.22) mg/ml, respectively. In both groups, mean
TL concentration was significantly lower than that of normal
controls (p=0.00021 and p=0.00042, respectively, Mann-
Whitney U test). There were no significant differences in total
protein concentration among the three groups.
TL concentrations were not significantly correlated with

the results of the Schirmer or cotton thread tests, or with the

rose bengal staining score, but did correlate positively with
tear film BUT (r=0.67, p=7.861026; fig 2) and fluorescein
staining scores (r=20.74, p=1.861027; fig 3).

DISCUSSION
In this study, we have shown that mean TL concentrations in
patients with MGD were significantly lower than concentra-
tions in normal controls. This is not likely to be due to
decreased tear secretion, because the same volume of tears
was collected from all subjects, and the total tear protein
concentration did not differ among patients with MGD and
normal controls. Regression analyses revealed that TL
concentrations were positively correlated with tear film BUT
and negatively correlated with fluorescein staining scores.
These results suggest that decreased TL concentration is
associated with tear film instability and a more severe clinical
manifestation of MGD.
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Figure 1 High performance
liquid chromatography of tear
proteins. The retention times of
lactoferrin (1), tear lipocalin (2),
and lysozyme (3) were
6.4 minutes, 10.8 minutes, and
14.1 minutes, respectively.

Table 1 Tear lipocalin concentration, total protein concentration, and results of ocular
surface examination (SD)

Obstructive MGD Seborrhoeic MGD Normal controls

Schirmer test (mm) 5.4 (2.1) 6.4 (2.3) 8.5 (3.2)
Cotton thread test (mm) 10.4 (4.3) 12.7 (4.9) 13.7 (3.1)
Tear film BUT (s) 4.4 (1.7) 4.9 (2.1) 7.9 (1.9)
Fluorescein score 1.7 (1.5) 0.9 (1.1) 0
Rose bengal score 0.5 (0.7) 0.5 (0.6) 0.1 (0.3)
Tear lipocalin (mg/ml) 0.89 (0.19)* 1.05 (0.22)** 1.54 (0.23)
Total protein (mg/ml) 8.66 (1.50) 9.16 (1.76) 9.48 (1.72)

MCD, meibomian gland dysfunction.
The concentration of lipocalin in patients with obstructive MGD and seborrhoeic MGD was significantly lower than
that of normal controls (*p=0.00021 and **p =0.00042, respectively).

14

12

10

8

6

4

2

0
2

Tear lipocalin concentration (mg/ml)

Te
ar

 fi
lm

 B
U

T 
(s

)

0 1.510.5

Figure 2 Tear lipocalin concentration was significantly correlated with
tear film break up (BUT) time (r=0.67, p = 7.861026).
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Figure 3 Tear lipocalin concentration was significantly negatively
correlated with fluorescence score (r=20.74, p = 1.861027).
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Recent studies have demonstrated that TL contributes to
the high, non-Newtonian viscosity of tear film and its low
surface tension.7 8 These actions are thought to be exerted by
the lipid binding properties of TL. In the lipocalin family, TL is
unique because it binds most strongly the least soluble
lipids.5 6 In seborrhoeic MGD, excessive expression of
meibum results in excessive concentrations of lipids in tear
film. TL may contribute to tear film stability by acting as a
lipid scavenger.7 In obstructive MGD, low levels of two
phospholipids, phosphatidylethanolamine, and sphingomye-
lin are associated with ocular surface abnormalities.16 TL may
adjust the lipid composition of tears by binding lipids from
the tear fluid and/or releasing lipids into tear fluid. Intensive
analysis of lipids compositions of tears and meibum from
patients with MGD appears to be essential to test the
hypothesis.
Lechner et al have recently reported that the expression of

TL in tetracarcinoma derived NT2 precursor cells is enhanced
by oxidative stress and that TL binds to several lipid
peroxidation products.17 These observations suggest that TL
acts as a physiological epithelial protective factor by scaven-
ging potentially harmful lipid peroxidation products. TL also
has anti-inflammatory and antimicrobial activity.18 19 It may
exert a regulatory, dampening influence on the inflammatory
cascade, thereby protecting against tissue damage from
excessive inflammation. The negative correlation between
TL concentration and fluorescein staining scores in the
present study may be explained by the protective role of TL.
As mentioned in the introduction, findings on examination

of the lid margin often do not correlate well with the severity
of symptoms in patients with MGD.12 MGD is frequently
associated with lacrimal insufficiency, and patients with both
conditions are likely to be particularly symptomatic. Our
results suggest that decreased TL concentration in tears is one
of the pathogenic factors other than changes in the
meibomian glands for the development of clinical symptoms
in MGD. Further investigations are required to determine the
mechanism by which TL exerts protective effects on the
ocular surface (that is, stabilising tear film by modulation of
tear lipids, scavenging lipid peroxidation products, or
regulating excessive inflammation).
To date, however, only a few investigators have reported

pathophysiological changes in TL concentrations. The level of
TL remains constant in non-stimulated and stimulated tears
of normal subjects.20 In soft contact lens wearers, the level of
lipocalin in tears was significantly higher than that of normal
controls.21 Intolerant contact lens wearers had significantly
higher amounts of lipocalin in their tears than tolerant
contact lens wearers.22 These observations appear to conflict
with the proposed protective role of TL in maintaining tear
film stability and epithelial integrity. However, Glasson et al
have speculated that the greater concentration of TL observed
in tears from intolerant contact lens wearers may be a
response to increased lipid peroxidation products.22 Further
studies should be done to clarify this issue.
In summary, mean TL concentration was significantly

lower in patients with MGD than in normal control subjects.
TL concentrations correlated positively with tear film BUT
and negatively with fluorescein staining scores. Our results
suggest that a deficiency of TL may be a predisposing factor
for the development of clinical symptoms in MGD.
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