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Abstract: Vernal keratoconjunctivitis (VKC) is a chronic, recurrent, inflammatory disease of the
cornea and conjunctiva mostly affecting boys in prepubertal age. VKC recurrence is characterized by
intense symptoms of itching, redness, and photophobia associated with corneal damage, impairment
of visual function, and quality of life. The pathogenesis of VKC has not yet been completely
understood, and it is still controversial. In fact, VKC is considered an ocular allergic disease due to
the involvement of immunoglobulin E, eosinophils, and mast cells, and of a lymphocyte T-helper type
2 reaction. However, approximately half of VKC patients have negative allergological history and
testing, suggesting that other pathogenic mechanisms participate in VKC development and severity.
Specifically, evidence suggests that genetic, endocrine, neuronal factors and an imbalance of innate
immunity are involved in the pathogenesis of VKC. The purpose of this review is to summarize
evidence on the pathogenic role of innate immunity, neuroimmune reaction, and hormonal changes
in VKC. Increasing understanding of the pathogenic mechanisms behind VKC may lead to the
identification of novel biomarkers for diagnosis and/or potential therapeutic targets in order to
improve the management of this challenging condition.
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1. Introduction

Vernal keratoconjunctivitis (VKC) is a rare, sight-threatening, chronic, inflammatory
disease of the cornea and conjunctiva characterized by recurrent flare-ups of ocular surface
inflammation, causing intense ocular symptoms of itching, redness, and photophobia
associated with corneal damage and impairment of visual function and quality of life [1–3].

VKC is a clinical form of allergic conjunctivitis diseases, together with seasonal and
perennial allergic conjunctivitis (AC) and atopic keratoconjunctivitis (AKC) [4]. In fact,
VKC shares some clinical features and pathogenic mechanisms with other forms of AC,
including ocular itching, swelling, redness, and conjunctival papillary reaction associated
with immunoglobulin (Ig) E-mediated release of histamine and other allergic reaction
mediators from mast cells [4]. However, this is likely not the only mechanism involved
in VKC immunopathogenesis, as only 50% of cases of VKC show allergic sensitization [4].
Several studies have demonstrated that the inflammatory reaction occurring in VKC
also involves a lymphocyte T-helper (Th) type 2-driven reaction, a late-phase allergic
reaction with eosinophil infiltration, and extracellular matrix remodeling [1,2]. In addition,
the demographical, geographical, and clinical characteristics of VKC suggest that other
endocrine, environmental, and/or genetic factors may play a role in the pathogenesis of
this challenging condition.

Specifically, VKC mostly affects children, with higher propensity in boys than girls,
and, in most cases, spontaneously resolves after puberty, suggesting that an imbalance
of sex hormones may play a role in its pathogenesis [2,3,5]. A higher prevalence of the
condition is observed in warm regions, such as the Mediterranean area, Central and South
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America, Japan, Central and West Africa, and the Middle East, which also suggests a
potential pathogenic role of genetic and/or environmental factors [2,3]. Finally, recent
studies point to a possible role of innate immunity, including toll-like receptors (TLRs) and
natural killer (NK) cells, in the development and severity of VKC [6–9].

Increasing understanding of the pathogenic mechanisms associated with the onset and
severity of VKC may lead to the identification of novel therapeutic targets and potentially
improve the management of patients. The aim of this review is to describe the most
recent advancements in the knowledge of VKC pathogenesis, including the role of innate
immunity, neuroinflammatory reaction, and hormones.

2. Clinical Characteristics of VKC

Vernal keratoconjunctivitis is a bilateral, recurrent, inflammatory disease of the ocular
surface, most frequently observed in boys of prepubertal age [1]. In most cases, VKC spon-
taneously resolves after puberty. However, an adult form has also been described [10,11].
Different studies reported that nearly 50% of patients with VKC have atopic sensitization,
and approximately 40% show atopic associated conditions, such as asthma, allergic rhinitis,
and eczema [2,3,12,13].

A clinical characteristic sign of VKC is the presence of a giant conjunctival papil-
lary reaction of the upper tarsal conjunctiva and/or limbal region resulting from chronic
inflammation and extracellular matrix remodeling [1,14–16]. Specifically, tarsal VKC is
characterized by giant hypertrophic papillae at the upper tarsal conjunctiva with a cobble-
stone appearance, while the limbal form is characterized by gelatinous infiltration around
the cornea. Mixed forms show both tarsal and limbal papillary reactions [16] (Figure 1a,b).
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Figure 1. (a) Tarsal VKC with upper tarsal giant papillary reaction, (b) limbal VKC with limbal
papillary reaction and the so-called Horner-Trantas dots.

Patients with VKC experience recurrent flare-ups of ocular surface inflammation, most
often during the spring–summer season. However, in severe cases, the cycle is ongoing
throughout the year [1,16]. The associated symptoms are intense itching, photophobia,
and tearing. During recurrences, they show severe conjunctival hyperemia, swelling,
thick mucus discharge, and corneal damage [2,16–18]. Corneal involvement in VKC is
the consequence of intense ocular surface inflammation, causing the development of
superficial punctuate keratopathy, which may progress to corneal epithelial defects and
shield ulcers [14,17,19] (Figure 2).
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Figure 2. Corneal epithelial defect in a patient with VKC.

Corneal ulcers are reported in 3%–11% of cases and may cause pain and impairment
of visual function [19]. Horner-Trantas dots surrounding the cornea represent a typical
sign of active inflammation and are mostly due to eosinophil infiltration (Figure 1b). More
severe cases, with long-standing disease, may develop corneal neovascularization and
scarring, associated with permanent impairment of visual function [2,17,19].

Morphological alterations of corneal epithelium, stroma, and nerves have been ob-
served in patients with VKC by performing corneal in vivo confocal microscopy, suggesting
a corneal neuropathic involvement in VKC [20,21]. It is worthy to note that corneal nerves
not only provide corneal sensitivity but, by releasing neuropeptides, are also fundamental
to supply trophic support to corneal epithelial and stromal cells [22]. Therefore, the de-
creased density and number of corneal nerve fibers may contribute to the development of
corneal epithelial alterations in VKC [21].

The intense ocular discomfort, associated with the chronic and recurrent clinical
course of the disease, the need for frequent visits, and long-term topical treatments, signif-
icantly impairs the quality of life and social functioning of children with VKC and their
caregivers [23,24].

Management of patients with VKC represents a challenge for ophthalmologists. In
fact, antiallergic eye drops such as antihistamines and/or mast cell stabilizers are effective
only in very mild cases. The majority of patients in the active phase of ocular inflamma-
tion require the use of topical steroids and/or other immunosuppressive drugs [16,25,26].
Topical steroids are very effective in controlling the signs and symptoms of active disease.
However, their chronic use is associated with the development of severe ocular compli-
cations, such as glaucoma and cataract [1,2,27]. Therefore, steroid sparing agents, such
as topical cyclosporine A (CsA) or topical tacrolimus (FK506), are currently used for the
chronic treatment of VKC [28–30].

A correct therapeutic approach to patients with VKC should be based on several
considerations, including clinical severity, the long-term course of the disease, and a careful
risk/benefit evaluation. Several clinical grading systems of VKC have been proposed in
order to standardize the management of cases and improve clinical outcomes. Currently,
the best-known grading scale is the Bonini scale [16,25,31,32]. This clinical grading system
includes an evaluation of the severity of symptoms, conjunctival hyperemia, and papillary
reaction, as well as of corneal involvement, including Horner-Trantas dots and epithelial
damage [16]. Bonini et al. also proposed a therapeutic approach for VKC patients based on
this severity grading system. Specifically, patients in the quiescent phase (grade 0) do not
require treatment until symptoms occur. Patients with mild to moderate VKC (grades 1
and 2) may be treated with occasional or daily use of topical antiallergic drugs, while in the
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presence of more severe ocular inflammation associated with corneal damage (grades 3 and
4), the use of topical CsA and/or pulsed high-dose topical steroids is recommended [16].
It is very important to highlight that corneal damage in VKC represents a major concern
for ophthalmologists, as it may lead to impairment of visual function [17]. Recently, a
new scoring system, the VKC-Collaborative Longitudinal Evaluation of Keratoconus study
(VKC-CLEK), has been proposed for the assessment of ocular surface staining in VKC [32].
The VKC-CLEK scheme includes an evaluation of the epithelial damage in both the limbal
and perilimbal areas, as well as in the central cornea, to better evaluate and standardize the
severity of corneal damage in both limbal and tarsal VKC [32].

Despite efforts to standardize VKC grading and management, this condition, orphan
of a specific pathogenic treatment and with an uncertain clinical outcome, remains a
challenge for physicians.

3. IgE-Mediated Hypersensitivity Reaction in VKC

Some clinical and experimental evidence shows that IgE-mediated hypersensitiv-
ity reaction plays a major role in the pathogenesis of VKC [1]. Type I, IgE-dependent,
hypersensitivity is characterized by IgE overproduction by immune cells in response to
environmental allergens, such as pollens or dust mites. IgE antibodies, by binding to
mast cells and basophils, trigger the release of vasoactive mediators [33]. Conjunctival
mast cells’ release of inflammatory mediators, including histamine and tryptase, induces
the early-phase reaction symptoms of itching, redness, and swelling [34,35]. High lev-
els of both histamine and tryptase have been described in VKC and are associated with
increased conjunctival expression of histamine receptors compared with healthy nonal-
lergic subjects [34–36]. In addition, patients with VKC show hyper-responsiveness to the
histamine conjunctival provocation test, suggesting that a nonspecific conjunctival hyper-
reactivity reaction may contribute to the pathogenesis of VKC [37]. Conjunctival mast cells
in VKC also release newly formed mediators, such as interferon (IFN), tumor necrosis
factor (TNF)-alpha, granulocyte-macrophage colony-stimulating factor, prostaglandins,
and leukotrienes, which induce eosinophil and basophil recruitment [34,35,37].

A pathogenic role of IgE-mediated allergic reaction to environmental agents in VKC
is also supported by clinical and histopathological studies. Specifically, most patients
with VKC have a family history of atopy and/or are affected by other atopic conditions,
including asthma, rhinitis, and eczema [2]. In addition, VKC often shows a seasonal course,
with onset and flare-ups frequently occurring during dry and hot spring–summer seasons,
which are characterized by high pollen count [2,15]. Moreover, approximately 50% of pa-
tients with VKC show IgE sensitization, assessed by skin prick test and/or serum-specific
IgE measurement [2,15,38]. High levels of specific IgE have been found in the tears and
serum of patients with VKC [5,14,39–42]. Some studies also demonstrated that specific
IgE may be found in tears of VKC patients with negative systemic allergometric tests,
suggesting that a conjunctival sensitization, with local production of specific antibodies,
may occur [15,43]. This hypothesis is supported by evidence of the presence of B lym-
phocytes expressing IgE in conjunctival lymphoid follicles in VKC specimens [5,42]. A
key role of local, Th2-driven, conjunctival overproduction of IgE in VKC has also been
shown with evidence of significant increase in CD4 T-helper type 2 (Th2) lymphocytes in
the conjunctiva of patients with VKC, associated with increased levels of Th2 cytokines,
including IL-4, IL-5, IL-13, and interferon (IFN)-gamma, which stimulate B cell switching
to produce IgE [15,44–47]. Activated Th2 lymphocytes also participate in the recruitment
and activation of mast cells and eosinophils [5,14,39–42,47].

4. Cellular Allergic Reaction in VKC

Vernal keratoconjunctivitis is traditionally considered a clinical form of allergic con-
junctivitis, in which IgE-mediated hypersensitivity mechanisms play an essential role.
Nevertheless, clinical evidence from several studies shows that cellular reaction is also
involved in the pathogenesis of VKC [1]. At first, approximately 50% of patients with
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VKC have a negative allergy test, suggesting that other, non-IgE mechanisms contribute
to the inflammatory reaction in VKC [1,33]. In addition, it has been demonstrated that,
different from other AC, VKC is characterized by the involvement of the late-phase inflam-
matory reaction [48]. Conjunctival inflammatory infiltrates in VKC are characterized by
the presence of lymphocytes, eosinophils, mast cells, basophils, dendritic cells (DC), and
macrophages [15]. An increased number of Th2 lymphocytes was described in tears and
conjunctiva of VKC patients associated with Th2-type cytokines, such as IL-4, IL-5, and IL-
13 [15,44,47]. A recent paper described an increase in the conjunctival expression of thymic
stromal lymphopoietin (TSLP) in VKC when compared with healthy subjects. TSLP is a
novel allergy-related cytokine, released by epithelial and mast cells, which activates DCs to
induce CD4+T cell differentiation into Th2 and stimulate Th2 allergic inflammation [49,50].

Basophils also exert effector functions in the development and maintenance of Th2-
cytokine-mediated inflammation [51]. Basophils express IgE receptors and, upon allergen
challenge, release several immunoregulatory and effector mediators, including IL-4, IL-13,
histamine, and leukotrienes. IL-13 stimulates goblet cell mucin production and, in synergy
with IL-4, promotes isotype switching to IgE in B cell and eosinophil recruitment. Ba-
sophils also release IL-8 and CCL5 (RANTES), which induce the recruitment of neutrophils,
eosinophils, and macrophages [51].

Eosinophils play a major role in the pathogenesis of VKC. The presence of eosinophils
in the conjunctiva of active VKC may be considered a hallmark of the disease [52]. Con-
junctival biopsies of VKC patients show an increase in eosinophil infiltration associated
with increased tear levels of eosinophil cationic protein (ECP) and major basic protein
(MBP) [15,53]. Since eosinophils are absent in the healthy conjunctiva, the presence of
eosinophils in conjunctival cytology has been proposed as a marker to confirm the diagno-
sis of VKC and to monitor response to treatments [54,55]. Eosinophil recruitment in VKC
has been associated with increased expression of chemokines by both immune and resident
cells, including epithelial cells, vascular endothelial cells, and fibroblasts [15]. Specifically,
an increased expression of eotaxin 1 and 2 of monocyte chemoattractant protein (MCP)-1,
MCP-3, and RANTES has been described in the tears and conjunctiva of patients with active
VKC [56,57]. Activated eosinophils release cytotoxic proteins, such as MBP and ECP, as
well as chemokines, collagenases, leukotrienes, and neurotoxins, which exert toxic effects
to corneal epithelium and have been associated with corneal damage in VKC [52,53,58,59].
Furthermore, higher tear ECP concentration has been significantly correlated with the
clinical severity of VKC [53,60].

5. Role of Innate Immunity in VKC

All of the structures of the ocular surface, including the eyelid, lacrimal gland, tear
film, cornea, and conjunctiva, provide a first-line defense to the eye. Particularly, corneal
and conjunctival epithelia directly interact with the environment and act as a barrier
against pathogens, toxic stimuli, and allergens by inducing a defensive response involving
both resident and immune cells. In fact, increasing evidence demonstrates that corneal
and conjunctival mucosal epithelia play an active role in the ocular surface inflammatory
reaction and in stimulating innate immunity [7,61]. Ocular surface epithelia release cy-
tokines, prostaglandins, leukotrienes, and growth factors in response to inflammatory
mediators [62]. Specifically, histological studies have shown an increased expression of
adhesion molecules, such as intercellular adhesion molecules (ICAM-1) and chemokines on
the epithelial cells of VKC, which contribute to the recruitment of inflammatory cells [63]. In
addition, changes of the conjunctival epithelial expression of heat shock protein (Hsp) chap-
erones have been found in VKC patients when compared with healthy controls. Cultured
conjunctival cells have also shown changes in the Hsp patterns in response to inflammatory
stimuli. These findings suggest that interaction between the chaperoning and the immune
systems may influence the progression of VKC [64].

Interestingly, conjunctival epithelium plays a key role in the innate immunity response
through the expression of various membrane receptors, such as toll-like receptors (TLRs).
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TLRs are a family of pattern recognition receptors expressed by resident and immune
cells, which recognize microbial compounds and stimulate appropriate adaptive immune
reaction [65–69]. In fact, activation of different TLRs induces a specific expression of
cytokines and costimulatory molecules that influence the adaptive immune response by
inducing T-helper lymphocyte differentiation to the Th type 1 or Th type 2 response [61].
Alteration of mucosal innate immunity may represent a pathogenic mechanism for ocular
surface immune disorders, including VKC [7]. Specifically, changes in the conjunctival
expression of TLR4 and TLR9 has been demonstrated in patients with VKC when compared
with healthy controls, suggesting that TLRs may play a role in the pathogenesis of VKC [9].
A subsequent study also reported that patients with VKC showed improvement in the
signs and symptoms after 4 weeks of treatment with Lactobacillus acidophilus eye drops, in
association with downregulation of both ICAM-1 and TLR4 [70]. Recently, conjunctival
gene overexpression of pattern recognition receptors (PRRs) in VKC patients was described,
including chemokines, proinflammatory cytokines, and TLR4 and TLR8, suggesting a role
of host–pathogen interaction in VKC [71].

A role of innate immunity in VKC pathogenesis has also been supported by the
evidence of a significant increase in natural killer (NK) cells infiltrating the conjunctiva of
VKC patients when compared with healthy subjects [6]. NK cells are lymphocytes with
cytotoxic activity able to destroy tumor cells and virus-infected cells. In addition, NK cells
may be induced to release Th2 cytokines, such as IL-4, IL-5, and IL-13, thus influencing
immune reaction to a Th2 response. The finding of a significant increase in NK cells in
conjunctival tissue of VKC patients supports the hypothesis that a subpopulation of NK
cells can influence the Th1/Th2 lymphocyte ratio and thus participate in VKC pathogenesis.

Recently, increased serum levels of high-mobility group box protein (HMGB)-1 have
been described in children with VKC [72]. HMGB1 induces inflammatory reaction through
binding with the receptor for advanced glycation end products (RAGE), as well as with
TLR4 and TLR9 [72]. A subsequent study also demonstrated an increase in tear levels of
HMGB1 in VKC patients [73]. These findings suggest a potential role of this protein in the
recruitment and survival of eosinophils in VKC.

Increasing understanding of the role of innate immunity, TLRs, and HMGB1 in allergic
diseases may lead to the identification of novel potential targets able to modulate immune
responses and to reduce ocular surface inflammation.

6. Genetic Factors

A genetic influence for the development of allergic diseases is demonstrated by the
observation of an increased prevalence of atopic diseases in families with atopic relatives
and in monozygotic versus dizygotic twins. An involvement of multiple genes has been
demonstrated in the pathogenesis of allergic asthma, rhinitis, eczema, and conjunctivitis.
Different genes regulate the presence of increased levels of serum total IgE and specific
IgE [74]. Replicated linkage is reported in different atopic phenotypes for total serum IgE
(chromosome 11, 4–7) and skin prick tests (chromosome 11), but not for specific IgE. It
is possible to hypothesize that different combinations of genes provoke different allergic
disease manifestations and expressions. In fact, human chromosomes 5, 6, 11, 12, and 14
have been suggested to be involved in atopic diseases, such as asthma and eczema, while
seasonal allergic conjunctivitis susceptibility has been associated with genes on human
chromosomes 16, 17, 5, and, to a lesser extent, 6 [75].

The demographical and geographical characteristics of VKC suggest that both genetic
and environmental factors may contribute to VKC pathogenesis. Currently, little data
have been published on the association between specific HLA genes with VKC [76]. A
potential association between VKC and the cytokine gene cluster on chromosome 5q has
been hypothesized; however, it has not been confirmed yet [77].

An Italian study on 32 children with VKC reported an association between VKC and
HLA class II allele [78]. Specifically, this study showed that specific HLA-DQB1 alleles
may contribute to the susceptibility to VKC, with a higher frequency of DQB1*05 in VKC
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patients when compared with healthy controls. [78] Recently, results of an HLA analysis on
monozygotic twins and their father affected by VKC and all family members confirmed the
association between HLA alleles DQB1*05:01:01 and HLA-DRB1*01:01:01 with VKC [79,80].

Currently, few candidate atopic genes have been identified. Increasing discovery
in this field will clarify the pathophysiological mechanisms of VKC, allowing improved
diagnosis timing, prevention of susceptible subjects, and personalized treatment.

7. Neuroinflammatory Reaction in VKC

The ocular surface is innervated by sensory and autonomic nerve fibers in both stroma
and epithelial cells. Healthy human conjunctiva also expresses adrenergic and muscarinic
receptors [81]. The concept of neuroinflammation has emerged in the last decades with
the demonstration of a mutual interaction between nerves and immune cells [82]. Neu-
ropeptides and neurotrophins represent the mediators of the neuroimmune reaction and
play a pivotal role in the pathogenesis and development of allergic diseases [81–83]. Some
evidence shows that neuromediators and neuropeptides, released by afferent nerve endings
and by inflammatory and epithelial cells, participate in the inflammatory processes by
inducing hyper-reactivity, vasodilatation, and plasma extravasation, as well as activation
of immune cells, including mast cells, eosinophils, lymphocytes, and macrophages [84,85].
Specifically, it has been demonstrated that neuropeptides, including substance P, calcitonin-
gene-related peptide (CGRP), neuropeptide Y (NPY), and vasoactive intestinal peptide
(VIP), play a key role in allergic conjunctivitis [86]. In patients with VKC, a significant
increase in tear and plasma levels of substance P was described when compared with
normal controls [87,88]. Substance P release stimulates mucus secretion by goblet cells,
histamine release by mast cells, Th2 cell differentiation, and recruitment and activation of
eosinophils [84].

The demonstration of conjunctival hyper-reactivity in patients with VKC further sup-
ports the role of neurogenic inflammation in this condition. In fact, almost all patients with
VKC complain of conjunctival hyper-reactivity symptoms, such as ocular itching, redness,
and swelling in response to nonspecific stimuli, such as wind, cold and/or warm air, and
sunlight exposure [37,85]. Hyper-reactivity represents a well-known clinical manifestation
of allergic diseases, including asthma [85]. However, conjunctival hyper-reactivity not only
is associated with inflammatory reaction but also involves neurogenic factors [82,88,89].
In patients with VKC, significant increase in plasma levels of nerve growth factor (NGF)
has been described, and NGF levels were significantly correlated with the number of
conjunctival mast cells [90–92]. In addition, the conjunctival expression of the NGF high-
affinity receptor, TrKA, was found significantly increased in eosinophils and T-helper
lymphocytes, infiltrating the stroma of VKC patients [91]. Thus, NGF may influence in-
flammatory reaction through binding to its own receptors expressed by mucosal resident
cells and by B and T lymphocytes, mast cell, and eosinophils [93]. We recently demon-
strated that NGF tear levels significantly increase after conjunctival allergen challenge in
patients with allergic rhinoconjunctivitis (ARC) [82,89]. Interestingly, our data suggest
that NGF is involved in the allergic reaction, also acting at the mucosal epithelium level,
as demonstrated by the evidence of increased conjunctival expression of the low-affinity
NGF receptor, p75NTR, in patients with ARC when compared with controls [89]. An
in vitro study showed an increased expression of NGF and its receptor p75NTR in primary
cultures of VKC-derived fibroblast (VKC-FB) supernatant. This study also showed that
αSMA expression was enhanced by a specific neutralization of p75NTR, suggesting a
specific role for NGF also in tissue remodeling in VKC [94]. Further studies are needed to
investigate whether conjunctival p75NTR may represent a potential therapeutic target for
ocular allergic diseases.

In addition, an autonomic dysfunction in VKC has been hypothesized based on
evidence of alteration in the conjunctival expression of muscarinic and alpha 1 adren-
ergic receptors, as well as of neuropeptides, such as VIP and NGF, during active VKC
inflammation [81].



Life 2021, 11, 1012 8 of 13

Increasing understanding of the role of neuroinflammation in VKC is a promising
research field that could provide novel therapeutic targets and improve the management
of VKC.

8. Hormonal Influence in VKC

The higher incidence of VKC in boys as compared with girls, with a male-to-female
ratio ranging from 4:1 to 2:1, and the spontaneous recovery after puberty strongly suggest
a role of sex hormone influence in the development of VKC [2,3,95]. Bonini et al. reported
that 2% of patients with VKC also had sex-hormone-related diseases, such as gynecomastia,
mammary fibroadenoma, polycystic ovary syndrome, and adiposogenital dystrophy [2].
These findings suggest that sex hormones may be involved in the development of VKC and
that the physiological changes of androgen pattern occurring at puberty may act on the
immune system as protective factors and therefore induce recovery of VKC at puberty [96].
In fact, it has been shown that sex hormones influence the immune system, although
their role in the homeostasis of immunity is not completely understood yet. Specifically,
estrogens exert immune-enhancing activities, stimulating mast cell degranulation and
allergic sensitization, while androgens may antagonize the production of Th2 cytokines
and seem to act as anti-inflammatory hormones [96–99].

The first evidence of an involvement of sex hormones in VKC was provided by
the demonstration of increased expression of estrogen and progesterone receptors in the
conjunctiva of patients with VKC, mostly expressed by eosinophils [100]. Most recently,
we described changes of circulating estrogen and androgen levels in VKC patients when
compared with healthy subjects [97]. Specifically, even if within normal ranges, a significant
decrease in circulating dihydrotestosterone (DHT), the most active androgen, was observed
in VKC patients when compared with age- and sex-matched healthy subjects, suggesting
that low levels of circulating androgens may have a role in the development of VKC. This
hypothesis is supported by evidence of a normalization of DHT circulating levels in a
group of adolescent patients with VKC in the remission phase [97].

Recently, adult-onset VKC was described, and an increase in ocular surface androgen
receptor protein expression was reported in a group of patients with adult VKC when
compared with childhood VKC, although within the normal ranges for age group [10,98].

A potential role of thyroid hormones in the pathogenesis of VKC has also been
proposed. Specifically, some clinical studies reported that patients with VKC showed a
high frequency of familial history of autoimmune disorders and antinuclear antibodies
(ANA) and thyroid autoantibodies, suggesting a potential association of VKC with systemic
autoimmune disorders [76,101]. Alterations of thyroid function, including hypothyroidism
and positive thyroid autoantibodies, were also described in children with VKC [102].

Further investigations are needed to clarify the role of local alterations of sex hormone
pathways and the involvement of thyroid function alterations in VKC and their potential
use as therapeutic targets for ocular allergic diseases.

9. Conclusions

Despite increasing understanding of VKC in terms of clinical presentations and
pathogenic mechanisms, several aspects of this challenging condition remain controversial.
In fact, very little is known about the role of genetic susceptibility and the neuro–endocrine–
immune interaction, which may participate in the pathogenesis of this disease (Figure 3).

Since acute exacerbations of VKC are successfully treated with short-term pulsed
topical steroid administration, long-term management of this condition often requires the
use of topical immunomodulatory drugs [4,16]. However, no specific pathogenic treatments
are currently available for this sight-threatening disease. A better understanding of the
pathogenesis of VKC is highly sought after in order to identify novel specific therapeutic
targets to achieve a better control of this disease.



Life 2021, 11, 1012 9 of 13
Life 2021, 11, x FOR PEER REVIEW 9 of 13 
 

 

 
Figure 3. Allergic reaction represents the main pathogenic factor of VKC; however, several sources 
of evidence show that innate immunity and neuroinflammatory response, as well as genetic, hor-
monal, and environmental factors, also participate in the development and severity of VKC. 

Since acute exacerbations of VKC are successfully treated with short-term pulsed 
topical steroid administration, long-term management of this condition often requires the 
use of topical immunomodulatory drugs [4,16]. However, no specific pathogenic treat-
ments are currently available for this sight-threatening disease. A better understanding of 
the pathogenesis of VKC is highly sought after in order to identify novel specific thera-
peutic targets to achieve a better control of this disease. 

Several non-IgE-mediated mechanisms have been proposed for the pathogenesis of 
VKC, including alteration of innate immunity response, leading to an unbalance of 
Th1/Th2 reaction, changes of sex hormone pathways, and neuroinflammatory response. 
Increased efforts in research are needed to identify and develop novel molecules target-
ing specific pathogenic pathways in VKC, such as agents capable of modulating TLRs or 
addressing local hormonal changes. In addition, the exact role of ethnicity and its genetic 
relevance is still unknown; however, the identification of genetic factors influencing the 
development and/or severity of VKC should be useful to detect patients at higher risk of 
developing a severe form of the disease. 

Author Contributions: Conceptualization, M.S., R.P. and M.M.; methodology, M.S., R.P., A.B. and 
R.G.; validation, M.S., M.M. and A.B.; resources, A.B., R.G. and R.P.; data curation, A.B. and M.M.; 
writing—original draft preparation, M.S., R.P. and A.B.; writing—review and editing, M.S., A.B., 
and R.G.; visualization, M.M.; supervision, M.S. and M.M. All authors have read and agreed to the 
published version of the manuscript. 

Funding: This research received no external funding. 

Institutional Review Board Statement: Not applicable. 

Informed Consent Statement: Not applicable. 

Conflicts of Interest: The authors declare no conflicts of interest. 

Figure 3. Allergic reaction represents the main pathogenic factor of VKC; however, several sources of
evidence show that innate immunity and neuroinflammatory response, as well as genetic, hormonal,
and environmental factors, also participate in the development and severity of VKC.

Several non-IgE-mediated mechanisms have been proposed for the pathogenesis
of VKC, including alteration of innate immunity response, leading to an unbalance of
Th1/Th2 reaction, changes of sex hormone pathways, and neuroinflammatory response.
Increased efforts in research are needed to identify and develop novel molecules targeting
specific pathogenic pathways in VKC, such as agents capable of modulating TLRs or
addressing local hormonal changes. In addition, the exact role of ethnicity and its genetic
relevance is still unknown; however, the identification of genetic factors influencing the
development and/or severity of VKC should be useful to detect patients at higher risk of
developing a severe form of the disease.

Author Contributions: Conceptualization, M.S., R.P. and M.M.; methodology, M.S., R.P., A.B. and
R.G.; validation, M.S., M.M. and A.B.; resources, A.B., R.G. and R.P.; data curation, A.B. and M.M.;
writing—original draft preparation, M.S., R.P. and A.B.; writing—review and editing, M.S., A.B.,
and R.G.; visualization, M.M.; supervision, M.S. and M.M. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Bonini, S.; Coassin, M.; Aronni, S.; Lambiase, A. Vernal keratoconjunctivitis. Eye 2004, 18, 345–351. [CrossRef]
2. Bonini, S.; Bonini, S.; Lambiase, A.; Marchi, S.; Pasqualetti, P.; Zuccaro, O.; Rama, P.; Magrini, L.; Juhas, T.; Bucci, M.G. Vernal

keratoconjunctivitis revisited: A case series of 195 patients with long-term followup. Ophthalmology 2000, 107, 1157–1163.
[CrossRef]

3. Leonardi, A.; Busca, F.; Motterle, L.; Cavarzeran, F.; Fregona, I.A.; Plebani, M.; Secchi, A.G. Case series of 406 vernal keratocon-
junctivitis patients: A demographic and epidemiological study. Acta Ophthalmol. Scand. 2006, 84, 406–410. [CrossRef]

http://doi.org/10.1038/sj.eye.6700675
http://doi.org/10.1016/S0161-6420(00)00092-0
http://doi.org/10.1111/j.1600-0420.2005.00622.x


Life 2021, 11, 1012 10 of 13

4. Sacchetti, M.; Abicca, I.; Bruscolini, A.; Cavaliere, C.; Nebbioso, M.; Lambiase, A. Allergic conjunctivitis: Current concepts on
pathogenesis and management. J. Biol. Regul. Homeost. Agents 2018, 32, 49–60.

5. De Smedt, S.; Wildner, G.; Kestelyn, P. Vernal keratoconjunctivitis: An update. Br. J. Ophthalmol. 2013, 97, 9–14. [CrossRef]
[PubMed]

6. Lambiase, A.; Normando, E.M.; Vitiello, L.; Micera, A.; Sacchetti, M.; Perrella, E.; Racioppi, L.; Bonini, S.; Bonini, S. Natural killer
cells in vernal keratoconjunctivitis. Mol. Vis. 2007, 13, 1562–1567. [PubMed]

7. Lambiase, A.; Micera, A.; Sacchetti, M.; Mantelli, F.; Bonini, S. Toll-like receptors in ocular surface diseases: Overview and new
findings. Clin. Sci. 2011, 120, 441–450. [CrossRef] [PubMed]

8. Micera, A.; Stampachiacchiere, B.; Normando, E.M.; Lambiase, A.; Bonini, S.; Bonini, S. Nerve growth factor modulates toll-like
receptor (TLR) 4 and 9 expression in cultured primary VKC conjunctival epithelial cells. Mol. Vis. 2009, 15, 2037–2044. [PubMed]

9. Bonini, S.; Micera, A.; Iovieno, A.; Lambiase, A.; Bonini, S. Expression of Toll-like receptors in healthy and allergic conjunctiva.
Ophthalmology 2005, 112, 1528; discussion 1529–1548. [CrossRef]

10. Leonardi, A.; Lazzarini, D.; Motterle, L.; Bortolotti, M.; Deligianni, V.; Curnow, S.J.; Bonini, S.; Fregona, I.A. Vernal
keratoconjunctivitis-like disease in adults. Am. J. Ophthalmol. 2013, 155, 796–803. [CrossRef] [PubMed]

11. Di Zazzo, A.; Bonini, S.; Fernandes, M. Adult vernal keratoconjunctivitis. Curr. Opin. Allergy Clin. Immunol. 2020, 20, 501–506.
[CrossRef]

12. Kosrirukvongs, P.; Vichyanond, P.; Wongsawad, W. Vernal keratoconjunctivitis in Thailand. Asian Pac. J. Allergy Immunol. 2003,
21, 25–30.

13. Lambiase, A.; Minchiotti, S.; Leonardi, A.; Secchi, A.G.; Rolando, M.; Calabria, G.; Orsoni, J.; Zola, E.; Ferreri, G.; Aragona, P.; et al.
Prospective, multicenter demographic and epidemiological study on vernal keratoconjunctivitis: A glimpse of ocular surface in
Italian population. Ophthalmic Epidemiol. 2009, 16, 38–41. [CrossRef] [PubMed]

14. Vichyanond, P.; Pacharn, P.; Pleyer, U.; Leonardi, A. Vernal keratoconjunctivitis: A severe allergic eye disease with remodeling
changes. Pediatr. Allergy Immunol. 2014, 25, 314–322. [CrossRef] [PubMed]

15. Leonardi, A. Vernal keratoconjunctivitis: Pathogenesis and treatment. Prog. Retin. Eye Res. 2002, 21, 319–339. [CrossRef]
16. Bonini, S.; Sacchetti, M.; Mantelli, F.; Lambiase, A. Clinical grading of vernal keratoconjunctivitis. Curr. Opin. Allergy Clin.

Immunol. 2007, 7, 436–441. [CrossRef]
17. Feizi, S.; Javadi, M.A.; Alemzadeh-Ansari, M.; Arabi, A.; Shahraki, T.; Kheirkhah, A. Management of corneal complications in

vernal keratoconjunctivitis: A review. Ocul. Surf. 2021, 19, 282–289. [CrossRef]
18. Liendo, V.L.; Vola, M.E.; Barreiro, T.P.; Wakamatsu, T.H.; Gomes, J.A.P.; Santos, M.S.D. Topical tacrolimus for the treatment of

severe allergic keratoconjunctivitis in children. Arq. Bras. Oftalmol. 2017, 80, 211–214. [CrossRef]
19. Arif, A.S.; Aaqil, B.; Siddiqui, A.; Nazneen, Z.; Farooq, U. Corneal Complications and Visual Impairment in Vernal Keratoconjunc-

tivitis Patients. J. Ayub Med. Coll. Abbottabad JAMC 2017, 29, 58–60.
20. Nebbioso, M.; Zicari, A.M.; Lollobrigida, V.; Marenco, M.; Duse, M. Assessment of corneal alterations by confocal microscopy in

vernal keratoconjunctivitis. Semin. Ophthalmol. 2015, 30, 40–43. [CrossRef]
21. Leonardi, A.; Lazzarini, D.; Bortolotti, M.; Piliego, F.; Midena, E.; Fregona, I. Corneal confocal microscopy in patients with vernal

keratoconjunctivitis. Ophthalmology 2012, 119, 509–515. [CrossRef] [PubMed]
22. Sacchetti, M.; Lambiase, A. Neurotrophic factors and corneal nerve regeneration. Neural Regen. Res. 2017, 12, 1220–1224.

[CrossRef] [PubMed]
23. Artesani, M.C.; Esposito, M.; Sacchetti, M.; Sansone, A.; Romanzo, A.; Buzzonetti, L.; Fiocchi, A.G.; Mennini, M. Health-related

quality of life in children at the diagnosis of Vernal Keratoconjunctivitis. Pediatr. Allergy Immunol. 2021, 32, 1271–1277. [CrossRef]
[PubMed]

24. Sacchetti, M.; Baiardini, I.; Lambiase, A.; Aronni, S.; Fassio, O.; Gramiccioni, C.; Bonini, S.; Bonini, S. Development and testing of
the quality of life in children with vernal keratoconjunctivitis questionnaire. Am. J. Ophthalmol. 2007, 144, 557–563. [CrossRef]

25. Zicari, A.M.; Capata, G.; Nebbioso, M.; De Castro, G.; Midulla, F.; Leonardi, L.; Loffredo, L.; Spalice, A.; Perri, L.; Duse, M. Vernal
Keratoconjunctivitis: An update focused on clinical grading system. Ital. J. Pediatr. 2019, 45, 64. [CrossRef]

26. Sacchetti, M.; Bruscolini, A.; Abicca, I.; Nebbioso, M.; La Cava, M.; Bonini, S.; Lambiase, A. Current and emerging treatment
options for vernal keratoconjunctivitis. Expert Opin. Orphan Drugs 2017, 5, 343–353. [CrossRef]

27. Senthil, S.; Thakur, M.; Rao, H.L.; Mohamed, A.; Jonnadula, G.B.; Sangwan, V.; Garudadri, C.S. Steroid-induced glaucoma and
blindness in vernal keratoconjunctivitis. Br. J. Ophthalmol. 2020, 104, 265–269. [CrossRef]

28. Lambiase, A.; Leonardi, A.; Sacchetti, M.; Deligianni, V.; Sposato, S.; Bonini, S. Topical cyclosporine prevents seasonal recurrences
of vernal keratoconjunctivitis in a randomized, double-masked, controlled 2-year study. J. Allergy Clin. Immunol. 2011, 128,
896–897.e899. [CrossRef]

29. Roumeau, I.; Coutu, A.; Navel, V.; Pereira, B.; Baker, J.S.; Chiambaretta, F.; Bremond-Gignac, D.; Dutheil, F. Efficacy of medical
treatments for vernal keratoconjunctivitis: A systematic review and meta-analysis. J. Allergy Clin. Immunol. 2021, 148, 822–834.
[CrossRef]

30. Yucel, O.E.; Ulus, N.D. Efficacy and safety of topical cyclosporine A 0.05% in vernal keratoconjunctivitis. Singap. Med. J. 2016, 57,
507–510. [CrossRef]

31. Sacchetti, M.; Lambiase, A.; Mantelli, F.; Deligianni, V.; Leonardi, A.; Bonini, S. Tailored approach to the treatment of vernal
keratoconjunctivitis. Ophthalmology 2010, 117, 1294–1299. [CrossRef]

http://doi.org/10.1136/bjophthalmol-2011-301376
http://www.ncbi.nlm.nih.gov/pubmed/23038763
http://www.ncbi.nlm.nih.gov/pubmed/17893656
http://doi.org/10.1042/CS20100425
http://www.ncbi.nlm.nih.gov/pubmed/21271987
http://www.ncbi.nlm.nih.gov/pubmed/19844589
http://doi.org/10.1016/j.ophtha.2005.04.009
http://doi.org/10.1016/j.ajo.2012.11.018
http://www.ncbi.nlm.nih.gov/pubmed/23352342
http://doi.org/10.1097/ACI.0000000000000672
http://doi.org/10.1080/09286580802573177
http://www.ncbi.nlm.nih.gov/pubmed/19191180
http://doi.org/10.1111/pai.12197
http://www.ncbi.nlm.nih.gov/pubmed/24438133
http://doi.org/10.1016/S1350-9462(02)00006-X
http://doi.org/10.1097/ACI.0b013e3282efb726
http://doi.org/10.1016/j.jtos.2020.10.005
http://doi.org/10.5935/0004-2749.20170052
http://doi.org/10.3109/08820538.2013.821508
http://doi.org/10.1016/j.ophtha.2011.09.018
http://www.ncbi.nlm.nih.gov/pubmed/22176802
http://doi.org/10.4103/1673-5374.213534
http://www.ncbi.nlm.nih.gov/pubmed/28966630
http://doi.org/10.1111/pai.13520
http://www.ncbi.nlm.nih.gov/pubmed/33877712
http://doi.org/10.1016/j.ajo.2007.06.028
http://doi.org/10.1186/s13052-019-0656-4
http://doi.org/10.1080/21678707.2017.1300524
http://doi.org/10.1136/bjophthalmol-2019-313988
http://doi.org/10.1016/j.jaci.2011.07.004
http://doi.org/10.1016/j.jaci.2021.03.026
http://doi.org/10.11622/smedj.2015161
http://doi.org/10.1016/j.ophtha.2009.11.043


Life 2021, 11, 1012 11 of 13

32. Leonardi, A.; Lazzarini, D.; La Gloria Valerio, A.; Scalora, T.; Fregona, I. Corneal staining patterns in vernal keratoconjunctivitis:
The new VKC-CLEK scoring scale. Br. J. Ophthalmol. 2018, 102, 1448–1453. [CrossRef]

33. Bonini, S.; Bonini, S. IgE and non-IgE mechanisms in ocular allergy. Ann. Allergy 1993, 71, 296–299.
34. Abelson, M.B.; Baird, R.S.; Allansmith, M.R. Tear histamine levels in vernal conjunctivitis and other ocular inflammations.

Ophthalmology 1980, 87, 812–814. [CrossRef]
35. Fukagawa, K.; Saito, H.; Azuma, N.; Tsubota, K.; Iikura, Y.; Oguchi, Y. Histamine and tryptase levels in allergic conjunctivitis and

vernal keratoconjunctivitis. Cornea 1994, 13, 345–348. [CrossRef] [PubMed]
36. Leonardi, A.; Di Stefano, A.; Vicari, C.; Motterle, L.; Brun, P. Histamine H4 receptors in normal conjunctiva and in vernal

keratoconjunctivitis. Allergy 2011, 66, 1360–1366. [CrossRef]
37. Bonini, S.; Bonini, S.; Schiavone, M.; Centofanti, M.; Allansmith, M.R.; Bucci, M.G. Conjunctival hyperresponsiveness to ocular

histamine challenge in patients with vernal conjunctivitis. J. Allergy Clin. Immunol. 1992, 89, 103–107. [CrossRef]
38. Allansmith, M.R.; Hahn, G.S.; Simon, M.A. Tissue, tear, and serum IgE concentrations in vernal conjunctivitis. Am. J. Ophthalmol.

1976, 81, 506–511. [CrossRef]
39. Leonardi, A.; Borghesan, F.; Faggian, D.; Plebani, M. Microarray-based IgE detection in tears of patients with vernal keratocon-

junctivitis. Pediatr. Allergy Immunol. 2015, 26, 641–645. [CrossRef] [PubMed]
40. Ballow, M.; Mendelson, L. Specific immunoglobulin E antibodies in tear secretions of patients with vernal conjunctivitis. J. Allergy

Clin. Immunol. 1980, 66, 112–118. [CrossRef]
41. Sompolinsky, D.; Samra, Z.; Zavaro, A.; Barishak, Y. Allergen-specific immunoglobulin E antibodies in tears and serum of vernal

conjunctivitis patients. Int. Arch. Allergy Appl. Immunol. 1984, 75, 317–321. [CrossRef]
42. Abu El-Asrar, A.M.; Fatani, R.A.; Missotten, L.; Geboes, K. Expression of CD23/CD21 and CD40/CD40 ligand in vernal

keratoconjunctivitis. Eye 2001, 15, 217–224. [CrossRef]
43. Leonardi, A.; Fregona, I.A.; Gismondi, M.; Daniotti, E.; Carniel, G.; Secchi, A.G. Correlation between conjunctival provocation

test (CPT) and systemic allergometric tests in allergic conjunctivitis. Eye 1990, 4, 760–764. [CrossRef]
44. Leonardi, A.; DeFranchis, G.; Zancanaro, F.; Crivellari, G.; De Paoli, M.; Plebani, M.; Secchi, A.G. Identification of local Th2 and

Th0 lymphocytes in vernal conjunctivitis by cytokine flow cytometry. Investig. Ophthalmol. Vis. Sci. 1999, 40, 3036–3040.
45. Metz, D.P.; Hingorani, M.; Calder, V.L.; Buckley, R.J.; Lightman, S.L. T-cell cytokines in chronic allergic eye disease. J. Allergy Clin.

Immunol. 1997, 100, 817–824. [CrossRef]
46. Calder, V.L.; Jolly, G.; Hingorani, M.; Adamson, P.; Leonardi, A.; Secchi, A.G.; Buckley, R.J.; Lightman, S. Cytokine production and

mRNA expression by conjunctival T-cell lines in chronic allergic eye disease. Clin. Exp. Allergy 1999, 29, 1214–1222. [CrossRef]
[PubMed]

47. Leonardi, A.; Fregona, I.A.; Plebani, M.; Secchi, A.G.; Calder, V.L. Th1- and Th2-type cytokines in chronic ocular allergy. Graefe’s
Arch. Clin. Exp. Ophthalmol. 2006, 244, 1240–1245. [CrossRef] [PubMed]

48. Bonini, S.; Ghinelli, E. The early and late phase of the ocular allergic reaction. Acta Ophthalmol. Scand. 2000, 230, 41. [CrossRef]
[PubMed]

49. Ebihara, N.; Matsuda, A.; Seto, T.; Ohtomo, K.; Funaki, T.; Takai, T.; Murakami, A. The epithelium takes center stage in allergic
keratoconjunctivitis. Cornea 2010, 29 (Suppl. 1), S41–S47. [CrossRef]

50. Zhang, Z.D.; Deng, Y.X.; Ma, H.X.; Chen, X.G.; Chen, L.H.; Qu, J. Thymic Stromal Lymphopoietin-Related Allergic Pathway in
Patients with Vernal Keratoconjunctivitis. Cornea 2019, 38, 344–351. [CrossRef]

51. Iype, J.; Fux, M. Basophils Orchestrating Eosinophils’ Chemotaxis and Function in Allergic Inflammation. Cells 2021, 10, 895.
[CrossRef]

52. Bonini, S.; Magrini, L.; Rotiroti, G.; Lambiase, A.; Tomassini, M.; Rumi, C.; Bonini, S. The eosinophil and the eye. Allergy 1997, 52,
44–47. [CrossRef]

53. Leonardi, A.; Borghesan, F.; Faggian, D.; Secchi, A.; Plebani, M. Eosinophil cationic protein in tears of normal subjects and patients
affected by vernal keratoconjunctivitis. Allergy 1995, 50, 610–613. [CrossRef] [PubMed]

54. Bruschi, G.; Ghiglioni, D.G.; Osnaghi, S.; Rosazza, C.; Pires Marafon, D.; Landi, M.; Marchisio, P.G. Role of ocular cytology in
vernal keratoconjunctivitis. Immun. Inflamm. Dis. 2020, 8, 3–7. [CrossRef]

55. Bonini, S.; Schiavone, M.; Bonini, S.; Magrini, L.; Lischetti, P.; Lambiase, A.; Bucci, M.G. Efficacy of lodoxamide eye drops on mast
cells and eosinophils after allergen challenge in allergic conjunctivitis. Ophthalmology 1997, 104, 849–853. [CrossRef]

56. Leonardi, A.; Jose, P.J.; Zhan, H.; Calder, V.L. Tear and mucus eotaxin-1 and eotaxin-2 in allergic keratoconjunctivitis. Ophthalmol-
ogy 2003, 110, 487–492. [CrossRef]

57. Abu El-Asrar, A.M.; Struyf, S.; Al-Kharashi, S.A.; Missotten, L.; Van Damme, J.; Geboes, K. Chemokines in the limbal form of
vernal keratoconjunctivitis. Br. J. Ophthalmol. 2000, 84, 1360–1366. [CrossRef] [PubMed]

58. Secchi, A.; Leonardi, A.; Abelson, M. The role of eosinophil cationic protein (ECP) and histamine in vernal keratoconjunctivitis.
Ocul. Immunol. Inflamm. 1995, 3, 23–28. [CrossRef]

59. Trocme, S.D.; Leiferman, K.M.; George, T.; Bonini, S.; Foster, C.S.; Smit, E.E.; Sra, S.K.; Grabowski, L.R.; Dohlman, C.H. Neutrophil
and eosinophil participation in atopic and vernal keratoconjunctivitis. Curr. Eye Res. 2003, 26, 319–325. [CrossRef]

60. Tomassini, M.; Magrini, L.; De Petrillo, G.; Adriani, E.; Bonini, S.; Balsano, F.; Bonini, S. Serum levels of eosinophil cationic protein
in allergic diseases and natural allergen exposure. J. Allergy Clin. Immunol. 1996, 97, 1350–1355. [CrossRef]

http://doi.org/10.1136/bjophthalmol-2017-311171
http://doi.org/10.1016/S0161-6420(80)35158-0
http://doi.org/10.1097/00003226-199407000-00010
http://www.ncbi.nlm.nih.gov/pubmed/7924335
http://doi.org/10.1111/j.1398-9995.2011.02612.x
http://doi.org/10.1016/S0091-6749(05)80046-6
http://doi.org/10.1016/0002-9394(76)90310-X
http://doi.org/10.1111/pai.12450
http://www.ncbi.nlm.nih.gov/pubmed/26235361
http://doi.org/10.1016/0091-6749(80)90057-3
http://doi.org/10.1159/000233640
http://doi.org/10.1038/eye.2001.65
http://doi.org/10.1038/eye.1990.109
http://doi.org/10.1016/S0091-6749(97)70279-3
http://doi.org/10.1046/j.1365-2222.1999.00585.x
http://www.ncbi.nlm.nih.gov/pubmed/10469030
http://doi.org/10.1007/s00417-006-0285-7
http://www.ncbi.nlm.nih.gov/pubmed/16538446
http://doi.org/10.1034/j.1600-0420.2000.078s230041.x
http://www.ncbi.nlm.nih.gov/pubmed/11057349
http://doi.org/10.1097/ICO.0b013e3181ea9958
http://doi.org/10.1097/ICO.0000000000001832
http://doi.org/10.3390/cells10040895
http://doi.org/10.1111/j.1398-9995.1997.tb04810.x
http://doi.org/10.1111/j.1398-9995.1995.tb01209.x
http://www.ncbi.nlm.nih.gov/pubmed/8588697
http://doi.org/10.1002/iid3.278
http://doi.org/10.1016/S0161-6420(97)30223-1
http://doi.org/10.1016/S0161-6420(02)01767-0
http://doi.org/10.1136/bjo.84.12.1360
http://www.ncbi.nlm.nih.gov/pubmed/11090473
http://doi.org/10.3109/09273949509057807
http://doi.org/10.1076/ceyr.26.5.319.15437
http://doi.org/10.1016/S0091-6749(96)70204-X


Life 2021, 11, 1012 12 of 13

61. Ueta, M.; Kinoshita, S. Ocular surface inflammation mediated by innate immunity. Eye Contact Lens 2010, 36, 269–281. [CrossRef]
[PubMed]

62. Abu El-Asrar, A.M.; Struyf, S.; Van Damme, J.; Geboes, K. Role of chemokines in vernal keratoconjunctivitis. Int. Ophthalmol. Clin.
2003, 43, 33–39. [CrossRef] [PubMed]

63. Abu el-Asrar, A.M.; Geboes, K.; Tabbara, K.F.; van den Oord, J.J.; Missotten, L. Immunopathogenesis of vernal keratoconjunctivitis.
Bull. Soc. Belg. D’ophtalmol. 1996, 261, 15–24.

64. Leonardi, A.; Tarricone, E.; Corrao, S.; Alaibac, M.; Corso, A.J.; Zavan, B.; Venier, P.; Conway de Macario, E.; Macario, A.J.; Di
Stefano, A.; et al. Chaperone patterns in vernal keratoconjunctivitis are distinctive of cell and Hsp type and are modified by
inflammatory stimuli. Allergy 2016, 71, 403–411. [CrossRef] [PubMed]

65. Akira, S.; Takeda, K.; Kaisho, T. Toll-like receptors: Critical proteins linking innate and acquired immunity. Nat. Immunol. 2001, 2,
675–680. [CrossRef] [PubMed]

66. Baumann, C.L.; Aspalter, I.M.; Sharif, O.; Pichlmair, A.; Bluml, S.; Grebien, F.; Bruckner, M.; Pasierbek, P.; Aumayr, K.; Planyavsky,
M.; et al. CD14 is a coreceptor of Toll-like receptors 7 and 9. J. Exp. Med. 2010, 207, 2689–2701. [CrossRef] [PubMed]

67. Vercelli, D.; Baldini, M.; Stern, D.; Lohman, I.C.; Halonen, M.; Martinez, F. CD14: A bridge between innate immunity and adaptive
IgE responses. J. Endotoxin Res. 2001, 7, 45–48. [CrossRef]

68. Baldini, M.; Vercelli, D.; Martinez, F.D. CD14: An example of gene by environment interaction in allergic disease. Allergy 2002, 57,
188–192. [CrossRef]

69. Leung, T.F.; Tang, N.L.; Wong, G.W.; Fok, T.F. CD14 and toll-like receptors: Potential contribution of genetic factors and
mechanisms to inflammation and allergy. Curr. Drug Targets Inflamm. Allergy 2005, 4, 169–175. [CrossRef]

70. Iovieno, A.; Lambiase, A.; Sacchetti, M.; Stampachiacchiere, B.; Micera, A.; Bonini, S. Preliminary evidence of the efficacy of
probiotic eye-drop treatment in patients with vernal keratoconjunctivitis. Graefe’s Arch. Clin. Exp. Ophthalmol. 2008, 246, 435–441.
[CrossRef]

71. Leonardi, A.; Daull, P.; Garrigue, J.S.; Cavarzeran, F.; Docquier, M.; Di Stefano, A.; Tarricone, E.; Brun, P. Conjunctival transcrip-
tome analysis reveals the overexpression of multiple pattern recognition receptors in vernal keratoconjunctivitis. Ocul. Surf. 2021,
19, 241–248. [CrossRef] [PubMed]

72. Zicari, A.M.; Zicari, A.; Nebbioso, M.; Mari, E.; Celani, C.; Lollobrigida, V.; Cesoni Marcelli, A.; Occasi, F.; Duse, M. High-mobility
group box-1 (HMGB-1) and serum soluble receptor for advanced glycation end products (sRAGE) in children affected by vernal
keratoconjunctivitis. Pediatr. Allergy Immunol. 2014, 25, 57–63. [CrossRef] [PubMed]

73. Caputo, R.; Pasti, M.; de Libero, C.; Mori, F.; Barni, S.; Danti, G.; Buonvicino, D.; Urru, M.; Chiarugi, A.; Pucci, N. Increased
Lacrimal Fluid Level of HMGB1 in Vernal Keratoconjunctivitis. Ocul. Immunol. Inflamm. 2019, 27, 808–812. [CrossRef] [PubMed]

74. Feijen, M.; Gerritsen, J.; Postma, D.S. Genetics of allergic disease. Br. Med Bull. 2000, 56, 894–907. [CrossRef] [PubMed]
75. Nishimura, A.; Campbell-Meltzer, R.S.; Chute, K.; Orrell, J.; Ono, S.J. Genetics of allergic disease: Evidence for organ-specific

susceptibility genes. Int. Arch. Allergy Immunol. 2001, 124, 197–200. [CrossRef]
76. Tesse, R.; Spadavecchia, L.; Fanelli, P.; Paglialunga, C.; Capozza, M.; Favoino, B.; Armenio, L.; Cavallo, L. New insights into

childhood Vernal keratoconjunctivitis-associated factors. Pediatr. Allergy Immunol. 2012, 23, 682–685. [CrossRef]
77. Bonini, S.; Bonini, S.; Lambiase, A.; Magrini, L.; Rumi, C.; Del Prete, G.; Schiavone, M.; Rotiroti, G.; Onorati, P.; Rutella, S. Vernal

keratoconjunctivitis: A model of 5q cytokine gene cluster disease. Int. Arch. Allergy Immunol. 1995, 107, 95–98. [CrossRef]
78. Zicari, A.M.; Mora, B.; Lollobrigida, V.; Occasi, F.; Cesoni Marcelli, A.; Megiorni, F.; Pizzuti, A.; Nebbioso, M.; Duse, M.

Immunogenetic investigation in vernal keratoconjunctivitis. Pediatr. Allergy Immunol. 2014, 25, 508–510. [CrossRef] [PubMed]
79. Rosenthal, W.N.; Insler, M.S. Vernal keratoconjunctivitis: New corneal findings in fraternal twins. Cornea 1984, 3, 288–290.

[CrossRef]
80. Artesani, M.C.; Esposito, M.; Mennini, M.; Andreani, M.; Locatelli, F.; Buzzonetti, L.; Fiocchi, A. Vernal keratoconjunctivitis in

twins: Case report and literature review. Ital. J. Pediatr. 2021, 47, 136. [CrossRef]
81. Motterle, L.; Diebold, Y.; Enriquez de Salamanca, A.; Saez, V.; Garcia-Vazquez, C.; Stern, M.E.; Calonge, M.; Leonardi, A. Altered

expression of neurotransmitter receptors and neuromediators in vernal keratoconjunctivitis. Arch. Ophthalmol. 2006, 124, 462–468.
[CrossRef]

82. Sacchetti, M.; Bruscolini, A.; Lambiase, A. Neurotrophic factors and nerve growth factor in ocular allergy. Curr. Opin. Allergy Clin.
Immunol. 2019, 19, 510–516. [CrossRef]

83. Nassenstein, C.; Braun, A.; Erpenbeck, V.J.; Lommatzsch, M.; Schmidt, S.; Krug, N.; Luttmann, W.; Renz, H.; Virchow, J.C., Jr.
The neurotrophins nerve growth factor, brain-derived neurotrophic factor, neurotrophin-3, and neurotrophin-4 are survival and
activation factors for eosinophils in patients with allergic bronchial asthma. J. Exp. Med. 2003, 198, 455–467. [CrossRef]

84. Mantelli, F.; Micera, A.; Sacchetti, M.; Bonini, S. Neurogenic inflammation of the ocular surface. Curr. Opin. Allergy Clin. Immunol.
2010, 10, 498–504. [CrossRef]

85. Bonini, S.; Rasi, G.; Brusasco, V.; Carlsen, K.H.; Crimi, E.; Popov, T.; Schultze-Werninghaus, G.; Gramiccioni, C.; Bonini, M.;
Passali, D.; et al. Nonspecific provocation of target organs in allergic diseases: EAACI-GA(2)LEN consensus report. Allergy 2007,
62, 683–694. [CrossRef] [PubMed]

86. Sacchetti, M.; Micera, A.; Lambiase, A.; Speranza, S.; Mantelli, F.; Petrachi, G.; Bonini, S.; Bonini, S. Tear levels of neuropeptides
increase after specific allergen challenge in allergic conjunctivitis. Mol. Vis. 2011, 17, 47–52.

http://doi.org/10.1097/ICL.0b013e3181ee8971
http://www.ncbi.nlm.nih.gov/pubmed/20703156
http://doi.org/10.1097/00004397-200343010-00006
http://www.ncbi.nlm.nih.gov/pubmed/12544393
http://doi.org/10.1111/all.12814
http://www.ncbi.nlm.nih.gov/pubmed/26613380
http://doi.org/10.1038/90609
http://www.ncbi.nlm.nih.gov/pubmed/11477402
http://doi.org/10.1084/jem.20101111
http://www.ncbi.nlm.nih.gov/pubmed/21078886
http://doi.org/10.1177/09680519010070010701
http://doi.org/10.1034/j.1398-9995.2002.1r152.x
http://doi.org/10.2174/1568010053586336
http://doi.org/10.1007/s00417-007-0682-6
http://doi.org/10.1016/j.jtos.2020.09.009
http://www.ncbi.nlm.nih.gov/pubmed/33098984
http://doi.org/10.1111/pai.12142
http://www.ncbi.nlm.nih.gov/pubmed/24236762
http://doi.org/10.1080/09273948.2018.1467465
http://www.ncbi.nlm.nih.gov/pubmed/29847189
http://doi.org/10.1258/0007142001903580
http://www.ncbi.nlm.nih.gov/pubmed/11359627
http://doi.org/10.1159/000053709
http://doi.org/10.1111/j.1399-3038.2012.01281.x
http://doi.org/10.1159/000236942
http://doi.org/10.1111/pai.12231
http://www.ncbi.nlm.nih.gov/pubmed/24899226
http://doi.org/10.1097/00003226-198404000-00012
http://doi.org/10.1186/s13052-021-01073-w
http://doi.org/10.1001/archopht.124.4.462
http://doi.org/10.1097/ACI.0000000000000555
http://doi.org/10.1084/jem.20010897
http://doi.org/10.1097/ACI.0b013e32833e16cc
http://doi.org/10.1111/j.1398-9995.2007.01382.x
http://www.ncbi.nlm.nih.gov/pubmed/17508974


Life 2021, 11, 1012 13 of 13

87. Fujishima, H.; Takeyama, M.; Takeuchi, T.; Saito, I.; Tsubota, K. Elevated levels of substance P in tears of patients with allergic
conjunctivitis and vernal keratoconjunctivitis. Clin. Exp. Allergy J. Br. Soc. Allergy Clin. Immunol. 1997, 27, 372–378. [CrossRef]

88. Lambiase, A.; Bonini, S.; Micera, A.; Tirassa, P.; Magrini, L.; Bonini, S.; Aloe, L. Increased plasma levels of substance P in vernal
keratoconjunctivitis. Investig. Ophthalmol. Vis. Sci. 1997, 38, 2161–2164.

89. Sacchetti, M.; Segatto, M.; Bruscolini, A.; Abicca, I.; Cavaliere, C.; Lambiase, A. Changes of NGF pathway in allergic rhinoconjunc-
tivitis: A conjunctival allergen challenge study. Allergy 2019, 74, 605–607. [CrossRef]

90. Bonini, S.; Lambiase, A.; Bonini, S.; Angelucci, F.; Magrini, L.; Manni, L.; Aloe, L. Circulating nerve growth factor levels are
increased in humans with allergic diseases and asthma. Proc. Natl. Acad. Sci. USA 1996, 93, 10955–10960. [CrossRef] [PubMed]

91. Lambiase, A.; Bonini, S.; Micera, A.; Rama, P.; Bonini, S.; Aloe, L. Expression of nerve growth factor receptors on the ocular
surface in healthy subjects and during manifestation of inflammatory diseases. Investig. Ophthalmol. Vis. Sci. 1998, 39, 1272–1275.

92. Lambiase, A.; Bonini, S.; Bonini, S.; Micera, A.; Magrini, L.; Bracci-Laudiero, L.; Aloe, L. Increased plasma levels of nerve growth
factor in vernal keratoconjunctivitis and relationship to conjunctival mast cells. Investig. Ophthalmol. Vis. Sci. 1995, 36, 2127–2132.

93. Sanico, A.M.; Koliatsos, V.E.; Stanisz, A.M.; Bienenstock, J.; Togias, A. Neural hyperresponsiveness and nerve growth factor in
allergic rhinitis. Int. Arch. Allergy Immunol. 1999, 118, 154–158. [CrossRef]

94. Micera, A.; Lambiase, A.; Stampachiacchiere, B.; Sgrulletta, R.; Normando, E.M.; Bonini, S.; Bonini, S. Nerve growth factor has a
modulatory role on human primary fibroblast cultures derived from vernal keratoconjunctivitis-affected conjunctiva. Mol. Vis.
2007, 13, 981–987.

95. Nebbioso, M.; Zicari, A.M.; Celani, C.; Lollobrigida, V.; Grenga, R.; Duse, M. Pathogenesis of Vernal Keratoconjunctivitis and
Associated Factors. Semin. Ophthalmol. 2015, 30, 340–344. [CrossRef]

96. Chen, W.; Mempel, M.; Schober, W.; Behrendt, H.; Ring, J. Gender difference, sex hormones, and immediate type hypersensitivity
reactions. Allergy 2008, 63, 1418–1427. [CrossRef] [PubMed]

97. Sacchetti, M.; Lambiase, A.; Moretti, C.; Mantelli, F.; Bonini, S. Sex hormones in allergic conjunctivitis: Altered levels of circulating
androgens and estrogens in children and adolescents with vernal keratoconjunctivitis. J. Immunol. Res. 2015, 2015, 945317.
[CrossRef] [PubMed]

98. Di Zazzo, A.; Micera, A.; De Piano, M.; Coassin, M.; Sharma, S.; Bonini, S.; Fernandes, M. Adult Vernal Keratoconjunctivitis:
Clinical and biochemical profile of a rare disease. Ocul. Surf. 2019, 17, 737–742. [CrossRef]

99. Cutolo, M.; Seriolo, B.; Villaggio, B.; Pizzorni, C.; Craviotto, C.; Sulli, A. Androgens and estrogens modulate the immune and
inflammatory responses in rheumatoid arthritis. Ann. N. Y. Acad. Sci. 2002, 966, 131–142. [CrossRef] [PubMed]

100. Bonini, S.; Lambiase, A.; Schiavone, M.; Centofanti, M.; Palma, L.A.; Bonini, S. Estrogen and progesterone receptors in vernal
keratoconjunctivitis. Ophthalmology 1995, 102, 1374–1379. [CrossRef]

101. Zicari, A.M.; Nebbioso, M.; Lollobrigida, V.; Bardanzellu, F.; Celani, C.; Occasi, F.; Cesoni Marcelli, A.; Duse, M. Vernal
keratoconjunctivitis: Atopy and autoimmunity. Eur. Rev. Med. Pharmacol. Sci. 2013, 17, 1419–1423. [PubMed]

102. Stagi, S.; Pucci, N.; Di Grande, L.; de Libero, C.; Caputo, R.; Pantano, S.; Mattei, I.; Mori, F.; de Martino, M.; Novembre, E.
Increased incidence of thyroid dysfunction and autoimmunity in patients with vernal keratoconjunctivitis. Int. J. Endocrinol. 2014,
2014, 804870. [CrossRef] [PubMed]

http://doi.org/10.1111/j.1365-2222.1997.tb00721.x
http://doi.org/10.1111/all.13641
http://doi.org/10.1073/pnas.93.20.10955
http://www.ncbi.nlm.nih.gov/pubmed/8855290
http://doi.org/10.1159/000024054
http://doi.org/10.3109/08820538.2013.874483
http://doi.org/10.1111/j.1398-9995.2008.01880.x
http://www.ncbi.nlm.nih.gov/pubmed/18925878
http://doi.org/10.1155/2015/945317
http://www.ncbi.nlm.nih.gov/pubmed/25756057
http://doi.org/10.1016/j.jtos.2019.07.004
http://doi.org/10.1111/j.1749-6632.2002.tb04210.x
http://www.ncbi.nlm.nih.gov/pubmed/12114267
http://doi.org/10.1016/S0161-6420(95)30861-5
http://www.ncbi.nlm.nih.gov/pubmed/23740459
http://doi.org/10.1155/2014/804870
http://www.ncbi.nlm.nih.gov/pubmed/25140177

	Introduction 
	Clinical Characteristics of VKC 
	IgE-Mediated Hypersensitivity Reaction in VKC 
	Cellular Allergic Reaction in VKC 
	Role of Innate Immunity in VKC 
	Genetic Factors 
	Neuroinflammatory Reaction in VKC 
	Hormonal Influence in VKC 
	Conclusions 
	References

