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Superficial mycoses or superficial fungal infections are diseases of the skin, nails and mucosal layers
caused by fungi. In spite of abundance of studies on superficial mycoses, research on genetics of host in
relation to susceptibility to these diseases is an emerging field. Amongst the genes that are thought to play
important roles, APOE gene is one of the least studied. The APOE gene codes for Apolipoprotein E which is
integral to lipid metabolism. In the general population, there exist three alleles 2, 3, and 4 that result in six
genotypes, 2/2, 3/3, 4/4, 2/3, 2/4, and 3/4. Recent research show there is direct link between the status
of APOE gene polymorphism and susceptibility to superficial mycoses. Although there are mice models for
the APOE gene of knockout or deficient types, there is no study in mice in regards to susceptibility to
superficial fungal infections. In human populational studies there is strong indication that certain allelic APOE
genotypes are a risk factor for superficial mycoses while other genotypes may be beneficial. Therefore the
study of APOE gene polymorphism in patients is an important option for better treatment strategies for
superficial mycoses.
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INTRODUCTION

Fungal infections of the skin and nails are a
common global problem. Superficial mycoses or
superficial fungal infections are the commonest
of fungal infections and about 20-25% of world
population suffer from skin mycoses sometime
during their life (Havlickova et al. 2008). There
exists striking disparity in the incidence of
dermatophyte infections within and between
populations which has elicited numerous
investigative researches to decipher whether
there lies a link between host genetics and
protection against fungal infections (Abdel-
Rahman, 2017).

The Apolipoprotein E (APOE) has been shown,
through immunohistochemical techniques, to
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localize into skin cells and APOE gene status has
been directly implicated in superficial fungal
infections.This review discusses the link between
APOE gene polymorphism and susceptibility to
superficial fungal infections.

Superficial mycoses or superficial fungal
infections

Superficial mycoses are mostly confined to the
external layers of the skin nails and mucosal
linings (Tursen et al. 2004). These diseases fall
under three broad groups; dermatophytic
infections, Tinea and superficial candidiasis.
Defense against such infections are either
immunogenic or non-immunogenic (Tursen et al.
2004). The most widespread superficial mycoses
are caused by the dermatophytes or ringworm
fungi, Candida, Malassezia species and various
groups of pathogenic fungi (Hay, 2010).
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Superficial fungal infections of the skin are
commonly designated according to location of the
infection. Tinea means fungal infection. Tinea are
named as: Tinea pedis (infection of the feet),
Tinea cruris (jock itch), Tinea corporis (facial
infection), Tinea manuum (tinea of the hand) and
Tinea capitis (tinea of the scalp) (Kaushik, et al.
2015). These diseases are caused by
filamentous fungi belonging to the genera
Trichophyton, Microsporum and Epidermophyton
spp. (Hay, 2010). Onychomycosis, is the name
given to the fungal infection of the toe nails or
finger nails caused by the Trichophyton rubrum
complex, a common human pathogen (Chen et
al. 2024). Other superficial mycoses include
infections by Candida sp (Nagi et al. 2013),
Malassezia sp, Trichosporon sp and Hortae sp.
(Ameen, 2010).

Superficial fungal infections tend to be more
common in covered moist parts of the body and
may later invade various parts of the body.
Superficial mycoses include dermatophytes,
which infect keratinized epithelial layers of the
skin, nail bed and hair follicles (Ameen,
2010).These fungal diseases can be effectively
eradicated with simple treatment option in normal
immunocompetent people. But in the
immunocompromised patients, these can take
up serious forms (Kaushik et al. 2015).

The link between genetics and proneness to
fungal infections

Although fungi are commonly present in the
environment, under normal conditions, healthy
individuals do not get infected with fungi
(Merkhofer and Klein, 2020). Even when present
in similar conditions of exposure to fungal inocula,
some people get infected while others do not
(Maskarinec et al. 2016). There is increasing
evidence that point to the fact that there is direct
correlation between host genetics and
susceptibility to dermatophytes (Abdel-Rahman,
2017).

APOE gene polymorphism status and effect
on immunity against superficial mycoses

Lipoproteins have been found to play a direct role
in preventing fungal infections along with

infections caused by other microorganisms (Han,
2010). The APOE  gene codes for the
Apolipoprotein E. It is located on chromosome
19 and has three polymorphisms namely, 2, 3,
and 4 (Mustafa et al . 2023).  These
polymorphisms arise due to variation of C or T
nucleotide at codons 112 and 158. The resulting
three alleles give rise to three isoforms with
dif ferences in structural and functional
characteristics. The six genotypes are created
by different combinations such as (2/2, 3/3, 4/
4, 2/3, 2/4, and 3/4) (Hatters et al. 2009). This
difference in status of APOE gene polymorphism
affects the susceptibility to different diseases
(Karpouzis, 2009) including superficial fungal
infections (Mustafa et al. 2023). Since APOE
functions both as an immunomodulator as well
as antimicrobial agent, identifying the status of
APOE polymorphism in patients with superficial
mycoses is an advantageous option (Tursen et
al. 2004).

Status of research on superficial mycoses and
APOE gene polymorphism

In the recent past, studies on the link between
genetic factors and susceptibility to fungal
diseases have been active fields of research
(Bruno et al. 2021). However, reports on research
on the link between APOE gene polymorphism
status on superficial mycoses is scarce; and this
remains an unexplored field of research. Studies
in this field is discussed under the following two
heads:

A. Research on Mice Models

Studies on mice regarding the role of APOE
polymorphism in susceptibility to particularly
superficial mycoses is non-existant; in spite of
the fact that mice models are available for APOE
gene such as APOE deficient mice or APOE
knock-out mice (Lo Sasso et al. 2016, Amram
and Frenkel, 2017). There are many studies on
other functions of APOE in mice models. In vivo
studies with mice models have revealed that
APOE protein plays an anti-inflammatory and anti-
microbial roles (Petruk et al. 2021). There is one
report on the effect of APOE status on Candida
infection in mice model. APOE-deficient mice
were found to be significantly more susceptible
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to fungal infections such as systemic candidiasis
(Vonk et al. 2004). Therefore there may also be a
link between APOE gene polymorphism status
and superficial Candida infections.

B. Studies on human populations

A few studies with human populations have shown
that the status of APOE gene polymorphism can
be utilized to assess the risk factor to superficial
fungal diseases like dermatophytosis (Tursen et
al. 2004). However such studies have been limited
to only a few ethnicities  (Mustafa et al. 2023).

Tursen et al. (2004), carried out a study with 42
patients in Turkey, where they assessed the
APOE gene polymorphism status in patients with
superficial mycoses. They found that significantly
more number of patients had the APOE 2/3
heterozygosity along with elevated high density
lipoprotein. Minimum number of patients
presented with the APOE 3/3 homozygosity.
Most of these patients had candidiasis and
dermatophytosis. So the conclusion of that study
was that the presence of  2/3 heterozygosity and
the absence of 3/3 homozygosity along with
elevated high density lipoprotein levels were
associated with greater risk for superficial
mycoses.

Very recently another study was carried out with
Egyptian population by Mustafa et al., (2023). In
this study, the blood cholesterol levels and the
APOE status was assessed for 150 patients
including males and females with tinea
versicolour, cutaneous candidiasis, and
dermatophytic lesions. The results showed that
the serum total cholesterol, triglycerides, and low-
density lipoprotein were higher in the study group
compared to the control. The APOE gene 2, 4
alleles, and 3/2 and 3/4 alleles were found to
be more significantly represented in the infected
patients than in the controls. Moreover, the 3/4
genotype was found to be more common in
patients with candidiasis while the 3/3 genotype
was more abundant in patients with tinea
versicolour and dermatophytosis.

CONCLUSION

Research in the area of host genetic make-up
and susceptibility to fungal infections has

progressed rapidly (Bruno et al, 2021). The
hypothesis that APOE plays an important role in
modulating immune responses has been amply
demonstrated (Laskowitz et al., 2000). There is
growing evidence that APOE gene polymorphism
plays a decisive role in susceptibility to superficial
mycoses (Mustafa et al. 2023). Therefore the
assessment of the status of APOE gene
polymorphisms in patients with persistent or
severe superficial mycoses may help with
planning appropriate therapy.
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