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The objectives of this study were to determine: 1) levels of tear eosinophil
I cationic protein (1:(T*) in patienls with vernal keraloconjunctivitis (VKC);

2) ihe ellbct of pharmacologic therapy on ECP release; and 3) the correlation
of this mediator with the severit> of the disease. Tears were collected
from 10 eontrols and 20 VKC patients before and after iherapy for cylologic
analvsis and ECP measurement by radioiniiiuincKissav. Ocular signs and

1 symptoms were evaluated before tear collection. Mean ECP levels in controls
[ were 7.5 i 0.4 Mg I and in VKC patients. 988.3 + 128 Mg 1 before therapy
! (/'<().001) and 566.3 ± 121 Mg 1 after therapv (/^<0.0()5). In dexamelhasone
{ (Dex) 0.1"',, or cvclosporin A (CsA) 2",, patients (five per group), tear
I I'XT* decreased signilicanll_\ after 7-14 days of treatment. Disodium

cromoglvcate (DSCG) 4",, (hve palients) for 14 days did not signihcantlv
atlect hCP . hC P iihc •elated \

i (/'<().001). symptoms (/^<0.00l), and the number of eosinophils in tears
j (P<:().()()5). The results of this study suggest that tear HCP levels accurately

reflect the chmcai status of VK(^ patients. The measurement oi' ECP ma>
I prove useful not onl\ in the diagnosis and monit(M-ing of allergic disease, but
I also as an objective parameter for the evaluation of new antiallergic
! therapies.
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l-A ŝiiK p̂hils are known lo pla> a tiiajor role in the
tlcvclopmenl of allergic diseases. l:osinophil ealionic
protein (t:CP). t)riginally purified bv Olsson & Venge
iti l*->74 (10). comprises 30",, of the eosinophil gran-
ule tnalri.x. Us toxie effect on parasites and epithelial
cells has been demonstrated //; v/Vn; (18). l:CP eon-
eentrations have proven to be correlated with the
seventy of allergic disease, and the presence of HCP
in biologic fluids and tissues may now be considered
a marker o{ eosinophil activ ation (3., 4. 9). An im-
proved radioimmunoassay (RIA) for ECP has al-
lowed the identification of this protein to a much
higher degree of specificity and sensitivity (11). This
has led to an increasing interest in the role of ECP
in allergic disease: from its identification in biologic
fluids as a means of identifying eosinophil-mediated
disease processes, to inhibiting its release with phar-
macologic or immunotherapeutic agents.

Vernal keratoconjunctivitis (VKC) is a relatively
rare ocular allergic disease predominantlv observed
in children and young adults living in warm, south-
ern chmates and, less frequently, in northern regions
(1). It is characterized histologically by marked mast-
cell degranulation and eosinophil infiltration (1, 5).
CiinicalK, the characteristic features include the
presence of giant papillae on the tarsal conjunctiva,
linibal infiltrates, and corneal involvement such as
epithelial punctate defects or corneal ulcers. Eosi-
nophil major basic protein (EMBP) has already been
shown to play a role in the pathogenesis of epithelial
erosions observed in VKC, indicating the impor-
tance of eosinophil activation in severe forms of this
disease (15-17). Conjunctival eosinophil activation
and degranulation, accompanied by high levels of
tear ECP, were also previously reported in seven
VKC patients (12). A toxic effect of ECP on human
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corneal epithelial cells has recently been demon-
strated in vitro (8).

The objectives of this study were threefold: 1) to
measure tear ECP levels in normal subjects and in
patients with active VKC; 2) to evaluate the effect of
various topical, ocular drug therapies on tear ECP
levels in VKC patients; and 3) to assess the corre-
lation of this mediator with the severity of the dis-
ease.

Material and methods
Patients

Written informed consent was obtained from all pa-
tients, or, in the case of minors, from their parents.
Bilateral tear samples were not successfully collected
from all patients since a considerable amount of
tears was required to perform the assay. With a
capillary micropipette, 15 tear samples from 10 nor-
mal volunteers (mean age: 16 + 2.1 years; five males,
five females) were collected. A 5-jal aliquot was used
for tear cytologic analysis, the remainder being stored
at - 20"" for subsequent determination of ECP.

Twenty patients affected by bilateral active VKC
(mean age: 14 + 6.1 years; 14 males, six females)
were enrolled in the study. After clinical evaluation
of ocular signs and symptoms, tear samples were
collected, as above, for tear cytologic analysis and
ECP determination.

Patients were treated with the following drug
therapies: dexamethasone (Dex) O.r\, bilaterally
four times daily (group \: n = 5); cyclosporin A (CszA)
2"o in castor oil (group 2: n = 5): and disodium cro-
moglycate (DSCG) 4 ^ (group 3: /; = 5). Clinical
evaluation and tear collection were repeated after
5-7 days of steroid therapy and after 10-14 da)s of
DSCG or CsA therapy. Tear ECP was determined
in an additional five patients with a mild form of
VKC who had received DSCG for 1-4 months
(group 4). Treatments were allocated by the evalu-
ation of each patient's clinical history from previous
years. Patients whose allergic signs or symptoms
worsened significantly during the DSCG treatment
period were administered adjunctive steroid therapy.
Table 1 specifies the number of tear samples avail-
able from each group before and after therapy.

A clinical score (0-4: 0 = absent; 4 = severe) was
determined at each visit and for each eye for the four
major symptoms: itching, tearing, photophobia, and
foreign-body sensation, and for the five major
signs: conjunctival erythema, eye swelling, discharge,
papillae/limbus, and epithelial disease.

Methods

Tear cytologic analysis was done with precolored
slides (Testsimplet®, Boehringer, Mannheim, Ger-
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many), the eosinophils present being counted in five
microscopic fields of 0.15 mm~ each.

ECP was measured by a commercially available
RIA technique (Kabi Pharmacia, Uppsala, Sweden).
The ECP standard was calibrated against pure ECP
prepared according to Peterson et al. (11). To assess
any deterioration in stored tear samples, ECP con-
centrations in the tears of five subjects were mea-
sured immediately after collection and 30 days after
storage at - 20" C. Storage time did not modify the
mean values in tears. ECP determination in tears
was precise and consistent, the intra-assay coeffi-
cient of variation (CV'\,) varying from 4.03",, to
6.97"o, and the between-assay CV"',, from 5.1",, to
8.1",,. Assaying ECP in samples diluted to various
strengths demonstrated a good correlation between
obtained and expected values (mean recovery: 97",,;
range: 94-102",,).

Statistics

Statistical analyses were performed with Student's
f-test, the Mann-Whitney U-test, or the Wilcoxon
signed-rank test, where appropriate. Results are
listed as the mean + standard error of the mean
(SEM). Correlation coefficients were obtained by
linear correlation analysis. For statistical signifi-
cance, the assigned P value was <0.05.

Results

The mean ECP level measured in control tears was
7.5 + 0.4 |ig/l (range: 5-11 i^gl). No subject had
any signs or symptoms of external eye disease. Tear
cytologic analysis demonstrated no eosinophils.

In pretherapy tear samples from VKC patients,
mean ECP levels were 988.3 + 128.3 |ig/l. After drug
therapy, mean ECP levels were significantly de-
creased (^ = 0.05) to 566.1 + 121.04 |ig/l. Both pre-
and posttherapy ECP levels were significantly greater
in VKC patients than in controls (P< 0.001 and
/ '< 0.005, respectively).

In group 1 (Dex), baseline mean tear ECP was
1346.8 + 300 |ig 1 and, after 7 days of treatment,
573.4 ± 170.1 )ig KTable 1). This difference was sta-
tistically significant {P<0.()5). The clinical scores of
signs and symptoms were both significantly de-
creased after therapy (/^< 0.001).

In group 2 (CsA), the mean ECP level was
1023.2+ 173.4 |ig/l at baseline, before therapy, and
161.6 ± 62.9 |ig/l after therapy (Table 1). This differ-
ence was statistically significant (P<(}.00\). The
clinical scores of both signs and symptoms decreased
significantly after treatment (F< 0.001).

In group 3 (DSCG), ECP levels in tears were
631.8 ± 139.1 ^g/l at baseline and 961.6 ± 262.6 îg/l
after treatment (Table 1). This difference was not
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Table 1. ECP levels in tears

Group 1

Dex

Before 1346 + 300

(24-2530;

(n=9)

^fter 573,4+170,1

(9-1300)

lvalue 0,05

(ug/l) before and after topical treatments

Group 2

CsA

1023,2+1734

(258-20751

(n=10)

161,6 + 62,9

(6-612)

0,001

Group 3

DSCG

631.8+139,1

(220-1690)

961,6 + 262.6

(43-2387)

NS

Group 4

DSCG

22.5 + 4,7

(6-83)

/?=number of samples available for ECP measurement.

Statistically significant. Fhe mean clinical score in
the DSCG group was increased after treatment, with
a worsening of corneal involvement and conjuncti-
val inflammation.

In the additional five mild VKC patients (group 4)
for whom tear samples were available only after
DSCG therapy, mean hiCP levels were 22.5 ±4.7
f.ig 1. This value was significantly higher than in con-
trols (/^<().O5) but significantly lower than in pre-
treatment values of severe VKC (/"<().05).

A significant correlation was observed between
l:CP levels in all samples and both allergic signs
(/-=().485, F<{).{){)]) and allergic symptoms (> =
().5(S2, /'<().()() 1). In evaluation of the tear samples
in which both 1:CF measurements and cell counts
were performed, HCf* levels and number of eosi-
nophils were significantly correlated (r= 0.403,
/'<().005). The number of eosinophils in tears was
also significant!) correlated with allergic signs
(/•-0.524, /'<().001) and symptoms (r= 0.5̂ 72,
/^<0.()l).

.After both De\ and CsA therapy, the liCP levels
in tears significantly decreased, yet the number of
eosinophils in tears did not significantly change.

Discussion

VKC is an often severe, ocular allergic inflammation
in which both immediate and delayed hypersensitiv-
it\ appears to be inv(^lved. The conjunctival infiltra-
tion of eosinophils, basophils, and mononuclear
cells, in addition to a constantly increased number
of mast cells and an increased deposition of col-
lagen, are the typical histologic features of VKC (1).
The measuiement of an eosinophil-derived mediator
in tears of VKC patients is especially relevant since
these cells may comprise 20-50'\, of inflammatory
cells present in the tear fluid during the active phases
o( the disease.

Acti\ ated eosinophils which release toxic factors
such as the presently studied ECP (7), in addition to
EMBP, eosinophil peroxidase, eosinophil-derived
neurotoxin (EDN), and eosinophil protein-X (EPX),
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are known to play a pivotal role in allergic eye in-
flammations (2). Eosinophil-derived proteins have
been shown to be toxic to epithelial cells in vitro, to
increase nonspecific hyperreactivity, and to alter
in vitro reactivity to histamine (6, 19).

Monitoring of VKC patients is usually performed
by clinical evaluation of signs and symptoms (13).
Tear cytologic analysis and the measurement of ECP
and EDN/EPX, recently found increased in the
serum of patients with active VKC, have also been
considered useful markers of ocular allergic inflam-
mation (14).

The results of this study have shown that tear
ECP levels were 130 times higher in samples col-
lected from VKC patients than in control, nonaller-
gic volunteers. Wide variations in ECP levels found
in baseline tears of VKC patients (24-2530 jjg/l)
may reflect a varying range of activation of eosino-
phils. Additionally, local drug therapy (DSCG, Dex,
and CsA analyzed as one "'treatment group") was
shown significantly to decrease tear ECP levels to
almost half the pretreatment levels.

The anti -inflammatory/immunosuppressive
agents dramatically decreased levels of tear ECP:
Dex by 58",,, and CsA by 84'\,. Signs and symp-
toms of the disease were also significantly ameho-
rated by both treatments. In contrast, in severe VKC,
DSCG not only failed to alter significantly tear ECP
levels, but also failed to improve the clinical aspect
of the disease. In the five mild VKC patients treated
with DSCG for several months, and for whom only
during-treatment tear samples were available, the
levels of ECP were comparatively low; significantly
higher (3X) than normal volunteers, yet still signifi-
cantly low er than those with severe VKC. Since these
levels were so much lower than even the poststeroid
and post-CsA values, they may reflect the mildness
of the disease in these patients. Nevertheless, in all
patients, regardless of therapy, ECP levels in tears
were significantly correlated with signs and symp-
toms, thus accurately reflecting the clinical progres-
sion and status of VKC patients. The number of
eosinophils in tears was also correlated with the
clinical score and with the levels of ECP, but did not
decrease significantly, as did the ECP levels after
therapy. This suggests that eosinophils can be present
btit not activated in the conjunctiva.

In conclusion, ECP is a protein easily detectable
and measurable in tears with a high degree of sen-
sitivity. Tear ECP, as a useful, noninvasive marker
of eosinophil activation, was also shown to be in-
creased in VKC patients, to be dramatically reduced
by pharmacologic intervention, and to correlate sig-
nificantly with allergic signs and symptoms. The
great variability in tear ECP levels among VKC pa-
tients, probably due to varying degrees of eosinophil
activation, suggests that ECP measurement is best



ECP in tears

used as a marker of disease progression in individual
patients over time. While the total number of VKC
patients in this study was adequate considering the
rarity of the disease, larger groups need to be stud-
ied to confirm the specific drug effects on tear ECP
suggested by the present study. The measurement of
ECP may prove useful not only in the diagnosis and
monitoring of ocular allergic diseases, but also in the
evaluation of new antiallergic therapies for which an
objective parameter is needed to complement sub-
jective clinical assessments.
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