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Measurement of IL-4 in tears of patients with seasonal allergic conjunctivitis
and vernal keratoconjunctivitis
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SUMMARY

To elucidate the mechanism of ocular surface allergic disease, we focused on IL-4, which is one of
the key factors in regulating IgE production, and thus determined the concentration of IL-4 in
tears. IL-4 concentration was determined in the tears of 15 patients with seasonal allergic
conjunctivitis, 15 vernal keratoconjunctivitis (VKC), 10 giant papillary conjunctivitis (GPC), 10
patients with non-allergic conjunctivitis and post-cataract surgical conjunctivitis as intermediate
conjunctivitis, and 10 normal subjects using a highly sensitive sandwich ELISA. The mean level of
IL-4 in normal controls was low, and seasonal allergic conjunctivitis, VKC and GPC showed a

significant elevation (P < 0 05), respectively. IL-4 of VKC and GPC were also significantly higher
than allergic conjunctivitis, and non-allergic conjunctivitis and post-cataract surgical conjuncti-
vitis were not higher than normal. These results raise the possibility that the increased level of IL-4
in tears could play a role in allergic disease and its severity in patients.
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INTRODUCTION

The eye, particulary the conjunctiva, is a common target of
allergic reaction, since it is exposed to environmental allergens
[1]. The serum and tear levels of IgE were reported to be very
high in allergic conjunctivitis or vernal keratoconjunctivitis
(VKC) or giant papillary conjunctivitis (GPC) [2-9]. IL-4 is
one of the key factors regarding IgE production of B cells [10],
and secreted by activated helper T cells, especially Th2 cells
[11,12], epithelial cells, and mast cells [13]. IgE stimulates the
mast cells and then, for example, histamine is secreted [14].
Cytological study has shown the presence of mast cells [15] and
IgE in tears [2-8,16], in allergic conjunctivitis and VKC, but
cytokines such as IL-4 in tears have not yet been determined.
Recently a sandwich ELISA system was developed to allow us
to detect tiny amounts of protein [17-20]. In this study to
elucidate the mechanism of the overproduction of IgE in tears
from patients with seasonal allergic conjunctivitis, VKC and
GPC, we targeted the presence of IL-4 in the tears, and
compared the levels in tears and clinical severity of patients
with seasonal allergic conjunctivitis, VKC, and GPC with other
forms of conjunctivitis using a new sensitive ELISA system.
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PATIENTS AND METHODS

Patients
IL-4 was determined in tears of 60 subjects, 32 males and 28
females, aged 23-7 ± 13-1 years (mean + s.d.), range 5-83 years,
who visited the Department of Ophthalmology, Tokyo Dental
College, Chiba, Japan, between February and May of 1993 and
1994 when allergic patients with cedar pollen increase in
number in Japan. Diagnoses included seasonal allergic con-
junctivitis (15 subjects, 28 7 + 17-6 years), VKC (15 subjects,
15-0 6-1 years), GPC (10 subjects, 24-7 ±12-7 years), non-
allergic conjunctivitis (10 subjects, 28-4 ± 15 4 years), and post-
cataract surgical conjunctivitis (10 subjects, 67-7 ± 7 3 years).
Tears from 10 healthy individuals served as controls (six males
and four females aged 12-36 years, mean 23-7 + 6-9 years).
Allergic conjunctivitis was diagnosed according to clinical
symptoms as ocular itching, redness, tearing, or ocular pain,
slit lamp examinations showing filamentous or mucous dis-
charge, chemosis, hyperaemia or papillae of the palpebral
conjunctiva, and positivity for serum antigen-specific IgE by
the multiple antigen simultaneous test 16 (MAST16) [21].

VKC was also diagnosed according to slit lamp examina-
tions showing typical cobblestone excrescences (giant papillary
conjunctivitis of the upper tarsal conjunctiva which is more
than 1 mm in size) [3,7], and the very severe clinical symptoms
of more serious ailments than allergic conjunctivitis, including
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Fig. 1. Schema ofthe sandwich ELISA. Sandwich ELISA is based on the
concept that the addition of 0-1% bovine serum albumin (BSA)
amplifies the luminescent signal and improves the detection limit for
alkaline phosphatase by approximately one order of magnitude under
certain conditions. This assay is due to the presence of a hydrophobic
microenvironment provided by the enhancer which 'stabilizes' the
dephosphorylated 3-(2'-spiroadamantane)-4-methoxy-4-(3"-phosphor-
yloxy)phenyl-1,2-dioxetane (AMPPD) emitter. We observed that cer-

tain macromolecules enhance the luminescence of AMPPD. The
simplicity and sensitivity of this chemiluminescent readout allowed the
development of rapid clinical assays.

keratitis and positivity for serum antigen-specific IgE as allergic
conjunctivitis. GPC was diagnosed according to slit lamp
examinations showing especially giant papilla of the upper

tarsal conjunctiva which was about mm in size and had
fewer clinical symptoms than allergic conjunctivitis. Their
mean level of IgE was 112-2±89 3 U/ml (normal level
< 250 U/ml). Control subjects had no symptoms or signs of
allergic conjunctivitis and were negative for serum antigen-
specific IgE antibodies. Patients with non-allergic conjunctivitis
were diagnosed from their clinical history and results of clinical
examination. The diagnosis included four bacterial conjuncti-
vitis, two foreign body-induced conjunctivitis, and four epi-
demic keratoconjunctivitis. Tears from post-cataract surgical
patients were collected the day after their cataract operation.
All subjects gave their informed consent for participation in
this study.

Sample preparation and assay

A volume of tears exceeding 30 pl was collected with a

micropipette without the use of solutions 122]. Tears were

stored at -20'C until assayed. The tears were diluted 11 times,
and the concentration of IL-4 in the tears was assayed by
sandwich ELISA (SRL Inc., Tokyo, Japan) [17,18] with a high
sensitivity and rapid reactivity. The sandwich ELISA is based
on the concept that the addition of 0-1% bovine serum

albumin (BSA) amplifies the luminescent signal and improves
the detection limit for alkaline phosphatase by approximately
one order of magnitude under certain conditions. This effect is
due to the hydrophobic microenvironment provided by the
enhancer, which stabilizes the dephosphorylated 3-(2'-spiroa-
damantane)-4-methoxy-4-(3"-phosphoryloxy)phenyl-1 ,2-diox-
etane (AMPPD) emitter [17-20]. Using this emitter we could
detect 0-01 attomole quantities of alkaline phosphatase immo-
bilized on membrane supports and imaged on photographic
film and, in solution, measured in a luminometer (Fig. 1).
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Fig. 2. Dose-response curve generated in this ELISA. IL-4 level is
shown on the abscissa by log scale of pg/ml, and relative luminescence
units (RLU) is shown on the ordinate.

Anti-human IL-4 MoAb (5 pg/ml; Genzyme, Boston, MA)
was used for the first antibody and 3 jig/ml rabbit anti-human
IL-4 polyclonal antibody (Genzyme) was used for the second
antibody [23]. The dose-response curve generated in this
ELISA and its detection limit are shown in Fig. 2.

Statistical analysis
Each disease was compared with the other diseases listed (a
total of 10 comparisons). For example: allergic conjunctivitis
(n = 15) versus VKC (n = 15), allergic conjunctivitis (n = 15)
versus GPC (n = 10), allergic conjunctivitis (n = 15) versus

normal (n = 10), etc. Data were reported as mean + s.d. pg/
ml and were analysed using the unpaired two-tailed Student's
t-test, with a level of P < 0 05 accepted as statistically
significant.

RESULTS

One main characteristic of VKC is that the patients are young
(mid-teens), and of cataract that the patients are older (late
60s). There was significant difference in age, i.e. patients with
seasonal allergic conjunctivitis were older than VKC
(P = 0 008). The mean level of IL-4 in the tears of patients
with seasonal allergic conjunctivitis (n = 15) was 3 51 ± 2-53 pg/
ml (mean ± s.d.), VKC (n = 15) 23-95 22-52 pg/ml, and GPC
(n = 10) 18-00 ± 18-96 pg/ml, while those in normal controls
(n = 10), non-allergic conjunctivitis (n = 10), and post-cataract
surgical conjunctivitis (n = 10) were 0-92 0-59 pg/ml,
1-84 + 1 60 pg/ml, and 2-36 ± 2-1 1 pg/ml, respectively (Fig. 3).
IL-4 in tears in patients with seasonal allergic conjunctivitis was
significantly higher than those from normal controls
(P = 0 02), but was lower than those with VKC (P = 0 002)
and GPC (P = 0 007). IL-4 in tears in patients with VKC and
GPC was also significantly higher than in normal controls
(VKC, P = 0-01; GPC, P = 0 03) and those with non-allergic
conjunctivitis (VKC, P = 0-005; GPC, P = 0 02). The level of
IL-4 in patients with VKC and GPC was extremely high.
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Fig. 3. Concentration of IL-4 in tears of patients with four forms of
conjunctivitis, and normal subjects. IL-4 in tears in patients with
seasonal allergic conjunctivitis (P = 002), vernal keratoconjunctivitis
(VKC) (P = 0 01), and giant papillary conjunctivitis (GPC) (P = 0 03)
were significantly higher than those of normal controls. IL-4 in tears in
patients with VKC (P = 0-002) and GPC (P = 0007) were also sig-
nificantly higher than in allergic conjunctivitis.

DISCUSSION

As with past investigations of IgE in the tear fluid of patients
with allergic conjunctivitis and VKC [2-8,16], we found IL-4 in
the tears collected from patients with seasonal allergic con-

junctivitis, VKC, and GPC, which was significantly increased
compared with normal subjects or patients with other forms of
conjunctivitis. This increase was not age-related but disease-
related. Moreover, the VKC was thought to be the severe type
of allergic conjunctivitis; there was significant change between
seasonal allergic conjunctivitis and VKC regarding the IL-4
level in tears, just as in clinical severity.

We recruited GPC patients as controls originally, because
the GPC is believed to be induced by mechanical rubbing or

irritation, not only by contact lens but also exposed sutures
[24]. Their mean level of IgE was not increased. However, our

results showed increased levels of IL-4 in this group. The
alternative explanation of development of GPC includes the
relationship with allergy [9], and our result may support the
concept that GPC may be induced by allergic reactions.

Recent studies on the identification and cloning of T cell
lymphokines have revealed that IL-4, a product of activated
helper T cells, plays an essential role in the growth and
differentiation of B cells [12-15]. IL-4 enhances the production
of IgE antibody by B cells. There have been reports of IgE
in tears, but none about related cytokines such as IL-4 in tears

[2-8]. In basic research, it was reported that IgE production
was IL-4-dependent, increasing linearly with IL-4 concentra-
tions between 0 2 and 2-5 ng/ml and plateauing at concentra-
tions of 5 ng/ml or more [26]. However, to our knowledge, no

study concerning IL-4 in tears has ever been reported, possibly
due to the difficulty of using small volumes of tears and of
detecting the very low concentration of IL-4 in tears [16,23].

A newly developed sandwich ELISA using the chemi-
luminescent enzyme substrate, AMPPD, is useful in measuring
small amounts of protein [17,18,20,23]. The serum level of IL-4
in patients with atopic dermatitis was found by this method to
be significantly higher than those in normal controls. Previous
reports using sandwich ELISA found the serum level of IL-4 to
be 1 50±1.36pg/ml in patients with atopic disease, and
079+0-62pg/ml in normal subjects [23]. We demonstrated
that the amount of IL-4 in the tears of normal subjects was

similar to that in serum, but in patients with allergic conjuncti-
vitis, the level in tears exceeded that in serum. These results
introduce a possibility that the allergic reaction can occur

locally at the ocular surface itself.
A volume of tears of 30 pi was sufficient for quantifying IL-

4, but a lower volume may give unreliable results [5,22]. Tear
collection in cellulose sponge, capillary tubes, or aspiration are

the more frequent methods, and there was no statistically
significant difference in volume of collection, contamination,
and reflex lacrimation [22]. The s.d. level for all groups, and
especially clinically diagnosed patients, was high in this study.
If the conjunctivitis groups have elevated tear production due
to irrigation, tear flow rates and volumes would strengthen the
argument that IL-4 would be high in spite of dilution. As Tuft
pointed out, any technique has several sources of error that
may affect the derived value of tears, and dilution or concen-

tration of the tear during collection are not clear [7,22].
We found increased levels of IL-4 in tears collected from

patients with seasonal allergic conjunctivitis, VKC, and GPC,
but we have no evidence that the source of IL-4 in tears is T
cells. It has been shown that mast cells [13] or epithelial cells
[16,27] are also considered to produce IL-4. As there was a huge
increase in T cell population in VKC and GPC, and increase in
IL-4 in tears in these two diseases, we thought that the source of
the IL-4 was likely to be T cells. Future study must explore
what cells in brush cytology samples produce IL-4. Inflamma-
tion, such as non-allergic or post-cataract surgical, increased
slightly the level of production of IL-4, but high IL-4 produc-
tion was related to allergic reactions. Th2-like helper T cells
play a role in allergic disease [11]. It is known that activated
CD4 cells increase in VKC. A high level of IL-4 suggests that
the Th2 cell may play a role in the pathogenesis of allergic
conjunctivitis, VKC, and GPC, as observed in patients with
other allergic reactions [16]. Most T cell clones specific for
allergens exhibit a Th2-like cytokine profile, whereas T cell
clones that are specific for mycobacterial antigen, Borrelia
burgdorferi, nickel, and streptokinase, usually exhibit a Thl-
like profile [28,29]. IL-4 would turn the T cells in the conjunc-
tiva into Th2 cells [30,31]. Manipulation of IL-4 expression
might become a new mode of treatment for certain ocular
allergy diseases.
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