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Abstract

Background: CD14 is involved in the modulation of immune reaction via toll-like receptors (TLR) and may influence the

development of allergic diseases. The role of CD14 in vernal keratoconjunctivitis (VKC) has not yet been investigated. The aim

of this study is to evaluate changes of tear soluble sCD14 and conjunctival CD14, TLR-4 and 9 expression in patients with VKC

in the active and quiescent phases. Methods: 18 patients with VKC during active inflammation (group A, N=9), in the quiescent

phase (group Q, N=5) and after recovery (group R, N=4) and 10 healthy subjects were included. Patients in group A were

treated with corticosteroid eye drops 4 times daily for 7 days. Expression of sCD14 in tears and of CD14, TLR-4, and TLR-9

by conjunctival epithelium were evaluated by Western Blot in all groups and after corticosteroid treatment. Results: expression

of sCD14 and of CD14, TLR-4 and TLR-9 was significantly decreased in group A when compared with healthy subjects and

with VKC group Q and R. Lower expression of sCD14, CD14, TLR-4 and TLR-9 were significantly correlated with the severity

of papillary reaction, while the lower sCD14 was correlated with severity of conjunctival hyperemia. Conjunctival expression

of TLR-4, but not sCD14, CD14 and TLR-9, was significantly reduced after topical corticosteroid treatment. Conclusion: tear

sCD14, and conjunctival CD14, TLR4 and TLR-9 decreased during ocular surface inflammatory reaction in patients with VKC.

CD14 and TLRs may represent potential therapeutic targets, although it requires further studies.

Introduction

Vernal keratoconjunctivitis (VKC) is a chronic, allergic disease of the cornea and conjunctiva, mostly affecting
boys in pre-pubertal age.1, 2 Patients with VKC experience recurrent flare-ups of ocular surface inflammation,
characterized by intense symptoms of photophobia, redness and secretion, often associated with corneal
involvement and impairment of visual function and decrease of quality of life. 1, 3-5

Several studies demonstrated that ocular surface inflammation in VKC is characterized by a T-helper cells
type 2 (Th2)-driven allergic reaction, associated with conjunctival infiltration of mast cells, eosinophils and
CD4 lymphocytes.6, 7 However, the immunopathogenesis of VKC has not been completely understood.2 Re-
cent evidence demonstrated a role of the innate immunity in the pathogenesis of VKC, including changes of
conjunctival expression of toll-like receptors (TLRs) 2, 4 and 9.8-10 TLRs are a family of pattern-recognition
receptors expressed by resident and immune cells, which recognize microbial compounds such as lipopolysac-
charide (LPS), endotoxins, CpG-DNA and Poly(I:C)/double-stranded RNA.11 Different findings demon-
strated that TLRs requires additional proteins to be stimulated by their ligands.12 Among them, the role of
CD14 as ligand of TLR-4 and TLR-9 has been demonstrated.13 CD14 is a multifunctional receptor expressed
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by resident and immune cells in a membrane-bound form and it also exists as a soluble form (sCD14).14 It has
been shown that CD14 and TLRs binding with microbial compounds activates adaptive immune T-helper
type 1 (Th1) response, by inducing production and release of cytokines such as IL-1, IL-12, TNF-α, IL-6 and
IL-8.11, 12, 15-17Alterations of sCD14 and CD14 in allergic conditions such as asthma, has been previously
described.17 The role of TLRs in the pathogenesis of ocular surface diseases has been extensively studied.8

An experimental study in a model of allergic conjunctivitis demonstrated that TLR-4 stimulation by LPS
suppressed Th2-associated allergic response, suggesting a role of TLR-4 and CD14 in the development of
allergic conjunctivitis.18 In humans, the presence of CD14 has been described in cornea and conjunctival
epithelial cells and sCD14 in tears of healthy subjects, but not in allergic diseases.19

Therefore, the aim of this study is to investigate the involvement of tear sCD14 and conjunctival CD14 in
patients with VKC. Specifically, expression of sCD14 in tears and of CD14, TLR4 and TLR9 in conjunc-
tival epithelium was assessed in patients with VKC in the quiescent phase and during flare-ups of ocular
inflammation before and after topical corticosteroid treatment.

Material and Methods

Eighteen patients with VKC were included in this study: (i) during active inflammation (group A), (ii)
during quiescent phase (group Q) and after recovery of VKC (group R). Ten healthy subjects were included
as control group. The study was performed at the Department of Sense Organs and Department of Pediatrics
at Sapienza University of Rome, following the tenants of the Declaration of Helsinky. Informed consent was
signed by all participants and caregiver, and the study was approved by the Ethic Committee of University
Sapienza of Rome.

Diagnosis of VKC was based on clinical history and clinical presentation.4 Patients with VKC were included in
different groups: (i) Active group: presence of persistent ocular symptoms associated with moderate to severe
conjunctival hyperemia and secretion and presence of corneal involvement; (ii) quiescent group: absence or
mild and intermittent ocular symptoms, absence of conjunctival hyperemia and of corneal involvement; (iii)
recovery group: history of VKC with absence of symptoms and signs of inflammation from at least 1 year.4, 20

All patients did not use antiallergic topical and systemic treatments from at least 7 days.

At baseline visit, clinical history including skin prick test results was collected and the presence of ocular signs
and symptoms of VKC was investigated. Specifically, the presence and severity of conjunctival hyperemia
and secretion, limbal and upper tarsal papillary reaction was evaluated by slit lamp examination and scored
from 0 to 3 (0=absence, 1= mild, 2=moderate and 3=severe).3, 4 Corneal epithelial damage was evaluated
by fluorescein vital staining and scored by Oxford scale.21 Patients were asked for the presence of symptoms
of such as itching, tearing and photophobia. Symptoms were scored from 0 to 3 (0=absence, 1= mild,
2=moderate and 3=severe).

Conjunctival impression cytology and tear samples were collected in both eyes of VKC and healthy
subjects.22, 23 Patients included in group A which received treatment with Hydrocortisone (Cortivis eye
drop, Medivis S.r.l., Catania, Italy) eye drops 4 times daily for 7 days. At the end of treatment period
patients were evaluated as described above and tear and conjunctival samples were collected.

Tear samples were collected by imbibition of sterile Sharp-tip Microsponges (Alcon Lab. Inc., Fort Worth,
TX) gently placed at the inferior conjunctival fornix and removed after 30 seconds. Tears were collected
by centrifugation at 13000 rpm for 3 minutes and stored at -20°C. 22 Conjunctival impression cytology was
performed after tear collection in both eyes by applying a sterile cell culture insert (Millicell-CM, 0.4 μm, Ø
12 mm, Millipore) to the nasal and temporal bulbar conjunctiva, and then stored at -20°C.24

Western blot analysis was performed on biological samples to evaluate tear sCD14 and conjunctival epithe-
lium CD14, TLR-4 and 9.

Western blot analysis

Proteins from tear samples and conjunctival impression cytology were obtained by sonication and centrifu-
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gation as previously described.24, 25 Briefly, proteins were transferred onto nitrocellulose membrane by using
Trans-blot turbo transfer system (Biorad Laboratories, Milan, Italy), membranes were then blocked with no
fat dry milk (5% in PBS-tween) for 1 hour at room temperature, and probed overnight with the following
antibodies: anti-TLR9 (sc-25468, Santa Cruz Biotechnology, CA, USA), anti-TLR4 (sc-52962, Santa Cruz
Biotechnology, CA, USA), anti-CD14 (sc-58951, Santa Cruz Biotechnology, CA, USA), and anti-actin (sc-
47778, Santa Cruz Biotechnology, CA, USA). The day after, following incubation with secondary anti-rabbit
and anti-mouse antibodies (Biorad Laboratories, Milan, Italy), protein-bound antibodies were visualized by
using chemiluminescence reaction with Clarity Western ECL substrates (Biorad Laboratories, Milan, Italy)
and detected through Chemidoc Imaging System (Biorad Laboratories, Milan, Italy). Images derived from
Western blots were analyzed with ImageJ software for Windows, and the ratio between the protein of inte-
rest and the correspondent housekeeping protein/Ponceau Red staining was calculated. Notably, actin was
chosen as reference to normalize protein loading in conjunctival impression cytology, whereas sCD14 from
tear samples was normalized by using Ponceau Red staining. Values are expressed as arbitrary units (a.u.).

Statistical analysis

Independent sample T-test was used to compare sCD14 tear levels, and CD14, TLR-4 and TLR-9 conjunctival
expression between groups of patients with VKC and healthy subjects. Paired sample T-test was used to
compare sCD14 tear levels, and CD14, TLR-4 and TLR-9 conjunctival expression before and after topical
corticosteroid treatment in group A. Clinical parameters were correlated with CD14, TLR-4 and TLR-9
expression levels by Sperman rho test. (SPSS 18, IBM, Chicago: SPSS Inc). P values <0.05 were considered
statistically significant.

Results

Eighteen patients with VKC (15 males and 3 females, mean age 10.7±5.7 years) were included in the study.
Ten healthy subjects (6 males, 4 females, mean age 8±3years) were included as control group. Nine patients
with VKC (7 males, 2 females, mean age 9±2.3 years) were in the active phase (group A) of VKC, 5 (4 males,
1 female, mean age 8.5±4.4 years) were in the quiescent phase (group Q) and 4 patients (4 males, mean age
22±5 years) were included in the recovery group (R). Eleven (61%) out of 18 patients showed positive skin
prick test for aeroallergens. Demographic and clinical characteristics of patients included in this study are
summarized in Table 1.

Patients with VKC showed significant decrease of tear sCD14 expression when compared with healthy con-
trols (0.58±0.27 a.u. vs 1±0.14 a.u., p<0.001). By comparing the different groups, patients with VKC in
the active phase showed a significant decrease of tear sCD14 (0.45±0.2 a.u.) when compared with heal-
thy subjects (p<0.001) and with both VKC group Q (0.87±0.16 a.u., p=0.005) and group R (1.1±0.13,
p<0.001). VKC group Q and group R (1.1±0.16) did not show significant changes when compared with
healthy controls. (Figure 1A).

Conjunctival epithelium expression of CD14 showed similar results. In fact, conjunctival CD14 expression was
significantly decreased in patients with VKC when compared with healthy subjects (0.7±0.29 a.u. vs 1±0.1
a.u., p=0.013). Patients with VKC group A showed significant decrease of conjunctival CD14 (0.49±0.14 a.u.)
when compared with healthy subjects (p=0.001) and with VKC in both group Q (1.02±0.58 a.u., p<0.001)
and R (1.18±0.02 a.u., p<0.001). Patients with VKC in the quiescent phase and after VKC recovery did
not show significant difference in conjunctival expression of CD14, when compared with healthy controls.
(Figure 1 B)

Conjunctival epithelium expression of TLR-4 was significantly decreased in patients with VKC when compa-
red with healthy controls (0.4±0.27 a.u. vs 1.06±0.07 a.u., p<0.001), while conjunctival expression of TLR-9
did not show significant changes (0.82±0.4 a.u. vs 1±0.12 a.u.). VKC patients in the active phase showed
a significant decrease of both TLR-4 and TLR-9 when compared with healthy controls (TLR-4: 0.17±0.03
a.u., p=0.028; TLR-9: 0.54±0.08 a.u., p=0.011) and with VKC group Q (TLR-4: 0.65±0.12 a.u., p=0.004;
TLR-9: 1.3±0.12 a.u., p<0001) and VKC group R (TLR-4: 0.5±0.18 a.u, p=0.035; TLR-9: 1.1±0.08 a.u.,
p<0.001). (Figure 2 A, B)
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VKC in the quiescent phase showed significant decrease of conjunctival TLR-4 when compared with healthy
controls (p=0.010) while TLR-9 was significantly increased (p=0.025). VKC group R showed significant
decrease of TLR-4 (p=0.005) when compared with healthy subjects while TLR-9 did not show significant
changes.

In patients with VKC, the higher papillary reaction score was significantly correlated with the lower expres-
sion of tear sCD14 (p=0.005, R=-0.779), and of conjunctival CD14 (p=0.049, R=-0.668), TLR-4 (p=0.015,
R=-0.850) and TLR-9 (p=0.001, R=-0.891). Conjunctival hyperemia scores were also significantly correlated
with tear sCD14 expression (p=0.044, R=-0.767).

No significant difference were found between patients with vs without other allergic diseases (tear sCD14:
0.63±0.29 a.u vs 0.75±0.36 a.u; conjunctival CD14: 0.75±0.34 a.u vs 0.79±0.37 a.u, TLR-4: 0.43±0.30 a.u
vs 0.38±0.22 a.u, TLR-9: 0.88±0.42 a.u vs 0.82±0.35 a.u; respectively)

Six out of nine patients in the active group were treated with topical Hydrocortisone 4 times daily and were
evaluated after 7 days. All patients showed improvement of signs and symptoms, with absence of conjunc-
tival hyperemia and corneal involvement and mild to absent ocular symptoms. With except of tear sCD14
(0.48±0.17 a.u vs 0.51±0.16 a.u), all the biological parameter evaluated showed decrease of conjunctival
expression however, only TLR-4 reached significant values when compared with baseline (TLR4: 0.18±0.11
a.u vs 0.09±0.03 a.u, p=0.035; CD14: 0.46±0.1 a.u vs 0.29±0.17 a.u, TLR-9: 0.5±0.06 a.u vs 0.31±0.13).
(Figure 3)

Discussion

In this study, we demonstrated that CD14, TLR4 and TLR-9 are involved in ocular surface inflammatory
flare-ups in patients with VKC. Specifically, tear sCD14 and conjunctival epithelium CD14 expression were
decreased in patients with VKC suggesting that CD14 plays a potential protective role on the development
of inflammatory reaction. In fact, it has been clearly demonstrated that CD14 modulates immune response
to microbial products via TLRs, and recent evidence extended its role in the development of the allergic
reaction.15, 26 Although the role of CD14 in the pathogenesis of allergic diseases has not yet been comple-
tely understood, it has been hypothesized that CD14 is involved in atopy susceptibility.26 Several studies
demonstrated that CD14 binding with LPS stimulates cytokine release through TLRs’ signalling, and de-
viates the adaptive immune reaction toward a Th1 response and consequent Th2 suppression.12, 13, 27, 28As
a consequence, alterations in the CD14 pathway may influence Th1/Th2 balance and may induce a switch
toward atopy.29 In a paediatric population, an association between circulating sCD14 levels and low IL-4
response has been reported.30, 31Moreover, sCD14 has been shown to interact with B cells by inhibiting IL-6
and IgE production.32 It has been also demonstrated that during acute asthma attacks in children, plasma
sCD14 levels were inversely correlated with asthma severity, suggesting that the expression of circulating
sCD14 could have a protective effect in the development of asthma attacks.33, 34

Accordingly, VKC is characterized by infiltration of Th2 cells, eosinophils and mast cells and by the release
of Th2 cytokines including IL-4, IL-5, IL10, TNF-alpha and IL-13.35 In vitro studies showed that IL-4
and IL-13 inhibit sCD14 release in monocyte, and macrophage cultures.36, 37 Based on this evidence, we
may hypothesize that the decrease of ocular surface CD14 expression observed in VKC patients may be
an epiphenomenon of the inflammatory reaction during active VKC. This hypothesis may be supported by
the significant correlation between the severity of conjunctival hyperaemia and the decrease of tear sCD14.
However, after seven days of topical corticosteroid treatment and resolution of the ocular inflammatory
reaction, we did not find significant changes of expression of tear sCD14 and conjunctival CD14. This result
may support the alternative hypothesis that the lower expression of ocular surface CD14 is associated with
the higher risk to develop recrudescence of VKC inflammation. On the other hand, ocular surface CD14
expression may require longer time to normalize after topical corticosteroid treatments, as suggested by the
observation that VKC patients in the quiescent phase showed CD14 expression levels similar to healthy
subjects.38

Our results also showed that conjunctival epithelium expression of TLR-4 and TLR-9 decreased during active
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inflammation of VKC, suggesting that TLRs may contribute to the inhibition of development of the allergic
reaction. This finding is in line with previous studies, which showed that TLR-4 and TLR-9 were reduced
in epithelial and inflammatory cells in allergic rhinitis.39, 40 The protective role of TLR-9 against allergic
inflammation is supported by several studies.40, 41 In addition, it has been reported that TLR-9 expression
was decreased in conjunctival biopsies of VKC patients in the active phase.9, 10 Conversely, the role of TLR-4
in VKC should be further clarified. Our results showed that conjunctival epithelium TLR-4 expression was
decreased while it has been reported that immune cells infiltrating the conjunctiva of VKC patients showed
increased expression of TLR-4.10 These findings suggest a possible different role played by resident cells
(conjunctival epithelium) and the infiltrating immune cells in the development of allergic reaction in VKC.
The active role of conjunctival epithelium in the development of allergic reaction has been demonstrated.24

In fact, it is known that environmental factors, including microbial agents or hormonal influence may induce
changes of conjunctival epithelium expression of TLRs by which may predispose to atopic conditions. 42-44

On the other hand, the hypothesis of a protective role of CD14 and TLR-4 in the development of ocular
allergic reaction is supported by the results of an experimental study showing that that LPS interaction
with TLR-4 was able to decrease Th2 response through TLR-4 signalling.18, 44 In addition, Iovieno et al.
showed that administration of topical Lactobacillus was effective in reducing inflammatory reaction in VKC
patients and that the clinical improvement was associated with decrease of TLR-4 conjunctival expression. 45

Accordingly, our results demonstrated that topical steroid treatment in VKC induced significant inhibition
of TLR-4 conjunctival expression.

This study showed that ocular surface decreased expression of CD14 and its ligands TLR-4 and 9 may foster
the development of allergic reaction in VKC, suggesting tevaluate the potential therapeutic role of agents
targeting these receptors.
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Table 1. Demographic and clinical characteristics of patients included in the study.

All patients with
VKC (N=18)

VKC group A
(N=9)

VOC group Q
(N=5)

VKC group R
(N=4)

Gender (N)
Male Female

15 3 7 2 4 1 4 0

Age (years)
Mean±SD

10.7±5.7 9±2.3 8.5±4.4 22±5
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All patients with
VKC (N=18)

VKC group A
(N=9)

VOC group Q
(N=5)

VKC group R
(N=4)

Positive skin
prick test (N)

11 6 3 2

Tarsal VKC
Limbal VKC
Mixed VKC

16 1 1 7 1 1 5 0 0 4 0 0

Conjunctival
hyperemia
score 0 1 2 3

9 1 5 3 0 1 5 3 5 0 0 0 4 0 0 0

Conjunctival
secretion score
0 1 2 3

10 5 2 1 2 4 2 1 4 1 0 0 4 0 0 0

Conjunctival
papillary
reaction score 0
1 2 3

0 4 9 5 0 0 4 5 0 2 3 0 0 2 2 0

Cornea staining
(Oxford scale) 0
1 2 3 4 5

9 5 3 1 0 0 0 5 3 1 0 0 5 0 0 0 0 0 4 0 0 0 0 0

Itching score 0
1 2 3

7 5 4 2 0 3 4 2 3 2 0 0 4 0 0 0

Tearing score 0
1 2 3

9 4 4 1 0 4 4 1 5 0 0 0 4 0 0 0

Photophobia
score 0 1 2 3

9 3 5 1 0 3 5 1 5 0 0 0 4 0 0 0

N:number, SD: standard deviation; Group A: active VKC; group Q: quiescent VKC; group R: recovered
VKC.

Figure legends

Figure 1. Patients with VKC in the active phase (group A) showed significant decrease of tear sCD14
and conjunctival CD14 expression when compared with healthy subjects and with patients with VKC in the
quiescent phase (group Q) and after VKC recovery (group R). * = statistical significant vs healthy group; §
= statistical significant vs VKC in the quiescent phase (group Q); Ç = statistical significant vs VKC recovery
(group R).

Figure 2 Changes of expression of conjunctival TLR-4 and TLR-9 in patients with VKC in the active (A)
and quiescent (Q) phases of the disease and after VKC recovery (R) compared with healthy controls. * =
statistical significant vs healthy group; § = statistical significant vs VKC in the quiescent phase (group Q);
Ç = statistical significant vs VKC recovery (group R).

Figure 3 Changes of expression of tear sCD14 and conjunctival CD14, TLR-4 and TLR-9 in patients with
VKC in the active phase, 7 days after topical treatment with Hydrocortisone eye drops. * = statistical
significant vs baseline.
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