
Received: 5 February 2003
Revised: 30 April 2003
Accepted: 7 May 2003
Published online: 5 August 2003
© Springer-Verlag 2003

Abstract Purpose: To investigate
the correlation between estrogen re-
ceptor-positive basal cells of the
meibomian glands of the lower lid
with age, gender, and subjective and
objective dry-eye parameters.
Methods: Sixteen lower lid speci-
mens were collected from 7 female
and 9 male patients (age range 22–
88 years) during tumor surgery re-
quiring whole-thickness excision.
Prior to surgery the patients were
asked about any dry-eye symptoms
(score 0–4, where 0= no dry-eye
symptoms). Tear break-up time was
measured, and Schirmer I and II tests
were performed. We obtained histo-
logical sections from the outer mar-
gins of the formalin-fixed and paraf-
fin-embedded specimens and per-
formed immunohistochemical stain-
ing for estrogen, progesterone and
androgen receptors. At least 500
cells were counted per specimen, and
the proportion of positively stained

cells was calculated and correlated to
the age and dry-eye parameters.
Results: All meibomian glands had
positive nuclear staining with anti-
bodies for estrogen receptors in their
outer cell layers, i.e., the basal cell
layer. The proportion of cells ex-
pressing estrogen receptors increased
with age independent of gender (cor-
relation coefficient=0.67, P<0.005).
No correlation was found between
estrogen receptor positivity and sub-
jective dry-eye symptoms, tear
break-up time, or Schirmer I and II
test results. There was no difference
in the proportion of cells expressing
estrogen receptors between female
and male patients (P=0.5).
Conclusions: The amount of meibo-
mian gland cells expressing estrogen
receptors in the lower lid seems to
increase with age independent of
gender and seems not to affect the
fat layer and stability of the tear
film.
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Introduction

Disturbances of tear film are often found in patients with
various conditions of hormonal imbalance, e.g., meno-
pause, pregnancy or intake of hormonal contraceptives.
Thus, it seems obvious that some kind of hormonal regula-
tion of the tear-producing system exists. Esmaeli et al. [2]
confirmed this assumption a few years ago when they dem-
onstrated estrogen receptors (ERs) in the basal cells of the
meibomian glands of the upper lid immunohistochemically.

We became interested in examining the correlation of
ER-positive basal cells of the meibomian glands of the

lower lid with age, gender, and subjective and objective
dry-eye parameters.

Patients and methods

Patients and dry-eye parameters

The 16 consecutive patients included 7 women and 9 men (age
range 22–78 years, median 64.5 years) with a lower lid tumor re-
quiring whole-thickness excision (Table 1). The tumors did not af-
fect the inner lid margin and we could assume that the dry-eye pa-
rameters (see below) were not influenced by the tumor. Patients
with concomitant entropion or ectropion were excluded. Prior to
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surgery the patients were queried about dry-eye symptoms such as
burning or foreign body sensation and excess tearing (score
0–4,where 0= no dry-eye symptoms). In addition, tear break-up
time was measured and Schirmer I and II tests were performed.
We used a small drop of fluorescein 2.5% to measure the tear
break-up time two or three times. For the Schirmer I test a piece of
Schirmer filter paper was inserted at the edge of the lateral part of
the lower lid for 5 min. The Schirmer II test included the applica-
tion of proxymetacaine hydrochloride (2×) and the removal of ex-
cess eye drops prior to the insertion of the filter paper, whereby
the result was measured after 2 min.

Tissues

All specimens were fixed in 4% formaldehyde in 0.075 M phos-
phate buffer for 24 h, dehydrated in increasing concentrations of
ethanol (70%–99%) and infiltrated with paraffin (Merck, Darm-
stadt, Germany) at 60°C. Serial sections were cut from the lateral
and medial border of each paraffin block—which in most cases
contained no tumor tissue—at a thickness of 3 µm and floated on
de-ionized water at 45°C, and single sections were mounted on
Superfrost Plus glass slides (Menzel-Glaser, Germany). Slides
were subsequently dried at 60°C for 1 h.

Furthermore, control sections of histologically normal breast
and prostate were obtained from the archives of the Institute of Pa-
thology, Freiburg. These sections were processed in the manner
described above.

Immunohistochemistry

Immunohistochemical staining was performed on slides of all
specimens within a single procedure for each antibody to mini-
mize procedural variations. We used the avidin–biotin method in-
cluding antigen retrieval using a pressure cooker for 5 min before
the mouse monoclonal antibodies for the α form of ERs (Clone
6F11, Novocastra, Newcastle-upon-Tyne, UK) were applied for
2 h. All specimens except the positive control specimens (breast
and prostate, respectively) were negative for staining procedures
using antibodies for progesterone (clone 2F12) and androgen re-
ceptors (clone 1A6, Novocastra).

Counting and statistical method

At least 500 cells were counted per specimen, and the proportion
of positively stained cells was calculated and correlated to the age
and dry-eye parameters using analysis of variance.

Results

All specimens revealed meibomian glands displaying
positive nuclear staining with antibodies for ERs in their
outer cell layers, i.e., the basal cell layer. The more ma-
ture, inner parts of the meibomian glands showed only
faintly positive or negative cytoplasmic staining; the
ducts were completely negative (Fig. 1).

Age and gender

The proportion of cells expressing ERs increased with
age independent of gender (correlation coefficient=0.67,

P<0.005; Fig. 2). There was no difference in the propor-
tion of cells expressing ERs between female and male
patients (P=0.5).
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Fig. 1a Positive nuclear staining with antibodies for estrogen re-
ceptors in the basal cells of the meibomian glands: a case 8 with
69% of the cells stained positively; b case 16 with 9% of the cells
stained positively), original magnification 100×

Fig. 2 The proportion of cells expressing estrogen receptors in-
creased with age independent of gender (correlation coeffi-
cient=0.67). There was no difference in proportion of cells ex-
pressing estrogen receptors between male and female patients
(P=0.5)



Dry-eye symptoms

No correlation was found between ER positivity and sub-
jective dry-eye symptoms (Fig. 3), tear break-up time
(Fig. 4), or Schirmer I and II test results (Fig. 5) (Table 1).

Only one patient (case 3) was put on systemic hor-
monal treatment with 1 mg estradiol + 0.5 mg norethis-
terone acetate/day. The amount of ER-positive cells in
her meibomian glands was comparable with that of other
women of similar age (63%).

Discussion

Bulbar as well as tarsal structures contribute to the nor-
mal tear film and the disturbance of each of them can
lead to the dry-eye syndrome. The cells of the bulbar
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Fig. 3 No correlation was found between estrogen receptor posi-
tivity and sicca score

Fig. 4 No correlation was found between estrogen receptor posi-
tivity and tear break-up time

Fig. 5 No correlation was found between estrogen receptor posi-
tivity and Schirmer I and II tests

Table 1 Patient characteristics (BCC basal cell carcinoma, n.a. not available)

Patient Age Gender Tumor Sicca Tear break-up Schirmer I test Schirmer IItest Estrogen-positive
(years) scorea time (s) (mm/5 min) (mm/2 min) cells (%)

1 78 F BCC 0 5 19 12 61
2 74 F BCC 1 1 15 7 62
3 69 F BCC 1 2 15 9 63
4 66 F BCC 2 2 6 3 46
5 55 F BCC 1 1 50 13 55
6 52 F Papilloma 0 2 n.a. n.a. 54
7 22 F Naevus 0 2 30 15 39
8 77 M BCC 0 2 15 4 69
9 73 M BCC 1 1 5 1 64

10 73 M Papilloma 0 3 50 2 52
11 65 M BCC 1 0 12 5 41
12 64 M Papilloma 0 2 50 9 52
13 60 M Naevus 0 9 6 n.a. 57
14 60 M Naevus 1 15 3 1,5 36
15 57 M BCC 0 2 3 1,5 63
16 35 M BCC 0 3 50 17 9

aSicca score: 0=no subjective dry-eye symptoms, 4=severe dry-eye symptoms



conjunctival surface in the dry-eye syndrome have been
examined by means of impression cytology in numerous
studies [1, 8, 9]. Reduction in the goblet cell density and
membrane mucin expression have been found [8], as has,
interestingly, an overexpression of inflammatory markers
such as HLA-DR and ICAM-1 [9] and of apoptotic
markers like CD40 and CD40 ligand [1].

Esmaeli et al. [2] were the first to report immunohis-
tochemical evidence of ERs in the meibomian glands,
which represent one component of the tarsal structures
contributing to the tear film. The specimens they exam-
ined originated from the upper lid, removed during pto-
sis surgery. They did not find a correlation between the
proportion of ER-positive cells and age. In contrast to
this, we found that the proportion of ER-positive basal
cells in the meibomian gland increased significantly with
age. This might be due to decreasing hormone levels in
the blood with age in women and in men, where the tes-
tosterone serum level decreases with age [6], resulting in
ER up-regulation [3]. In men, 20% of the serum estrogen
originates from the Leydig cells of the testes and 80%
from peripheral fat tissue, where circulating testosterone
is metabolized by a cytochrome P450-dependent aroma-
tase system in fibroblasts. In addition, the aromatase
transforms testosterone into estrogen in almost all the
tissues where ERs are also present, such as brain, mus-
cle, bone, heart, and adrenal cortex [10]. Thus, it is pos-
sible that men present locally high concentrations of es-
trogen compared to their very low overall estrogen se-
rum levels (7–23 pg/ml [5]). This could explain why no
sex-related difference in ER density in the meibomian
gland was found. Our findings partially parallel those of
ERα in the supraoptic nucleus of the brain, where elder-
ly women showed more nuclear and cytoplasmic ERα in
neurons than young women [4].

The fact that one female (case #3) taking hormone re-
placement therapy (estradiol) had a similar proportion of
ER-positive cells in her meibomian glands compared to
other women of her age without hormonal substitution
led us to assume that she had had a lower estrogen level
compared to the others prior to hormonal substitution,
and that that had been compensated for afterwards – per-
haps to the same level as that of the other female pa-
tients.

Tear break-up time depends mainly on the tear film’s
lipid layer. Because the lipid layer originates in the meibo-
mian glands, we expected a correlation between tear
break-up time and the proportion of ER-positive cells,
namely, that lower values of tear break-up time would be
associated with a higher proportion of ER-positive cells of
the meibomian glands. We were nevertheless unable to
demonstrate any correlation between tear break-up time
and the proportion of ER-positive cells. This seems to in-
dicate that the proportion of ER-positive cells of the mei-
bomian glands does not affect the fat layer of the tear film.

The tear break-up time was quite low in almost all pa-
tients, in contrast to scant subjective complaints. The
question is whether despite a “normal” bulbar/tarsal con-
junctival interface surface, irregularities occur due to the
tumor that decrease tear break-up time but are not clini-
cally relevant to the patient—i.e., dry-eye symptoms.
Might it be that a correlation exists between tear break-
up time and the proportion of ER of the meibomian
glands which could be revealed only if completely nor-
mal eyelids covered the same eye? We cannot offer a de-
finitive answer to this question as one cannot ethically
defend a biopsy of a completely normal eyelid in order
to discover the truth.

It is not surprising that we found no correlation be-
tween the Schirmer I and II test results and the amount
of ER-positive cells, because the Schirmer I test reflects
the reactive production of the water layer of the tear film
by the lacrimal gland and the Schirmer II test applies to
the basal secretion of the accessory lacrimal glands. It
would be more useful to correlate the Schirmer test with
the expression of ER in the conjunctiva and the lacrimal
gland. Klüppel et al. [7] recently found ER in the con-
junctiva and the lacrimal gland using the polymerase
chain reaction. Nevertheless, we could not detect ER in
the tarsal conjunctiva of our specimens immunohisto-
chemically.

In conclusion, the amount of meibomian gland cells
expressing estrogen receptors in the lower lid seems to
increase with age independent of gender and seems not
to affect the fat layer and stability of the tear film.
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