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Abstract

Background/Objectives: Infant skin undergoes a maturation process during the

early years of life. Little is known about the skin’s innate immunity. We investigated

the dynamics of innate immunity markers collected from the surface of infant skin

during the first 36 months of life.

Methods: A total of 117 healthy infants aged 3-36 months participated in the

study. We extracted human beta defensin-1 and interleukin 1 alpha and its receptor

antagonist using transdermal analysis patches from the skin surface of the posterior

lower leg area. The extracts were analyzed using a spot enzyme-linked immunosor-

bent assay.

Results: Skin surface human beta defensin-1 levels were higher early in life and

decreased with infant age. The ratio of interleukin 1 alpha receptor antagonist to

interleukin 1 alpha did not change significantly with age but showed a distinct dif-

ference between sexes, with female infants having higher values than male infants.

Conclusion: As is the case with skin structure and functional properties, cutaneous

innate immunity also appears to undergo a maturation period during infancy, with

innate immunity slowly declining as adaptive immunity takes over. Sex differences

in immune markers may explain sex-dependent susceptibilities to infection.
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1 | INTRODUCTION

The skin is the body’s first defense mechanism against infection. The

structure and biochemical composition of the stratum corneum (SC),

the outermost layer of the epidermis, contribute to this barrier func-

tion between the body and the environment. The brick-and-mortar

structure of the SC provides the physical component of the barrier,

and the biochemical component comprises molecules belonging to

the innate and adaptive immune systems. Secreted antimicrobial

peptides (AMP) and antimicrobial lipids (AML) are present on the SC

and constitute the innate immune system of the skin, whereas the

viable epidermis just below the SC plays an active role in regulating

the adaptive immunologic response (e.g. through the production of

interleukins [IL], growth factors).

Epithelial cells secrete a group of AMP molecules called defen-

sins,1 small cationic peptides that show broad antimicrobial activity

against bacteria, fungi, and enveloped viruses by perturbing their

membranes.2 Their expression pattern and regulation in each cell
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type is specific for the defensive role that AMP play3 and as such

are classified into three distinctive subfamilies: a-, b-, and h-defen-

sins.3 b-defensins are primarily identified in epithelial cells, including

keratinocytes, but are also expressed in different cell types, such as

peripheral blood mononuclear cells, kidney cells, and cells of other

tissues.

During infancy, skin undergoes continuing maturation of its

structure4 and function;5 the skin microbiome also undergoes signifi-

cant changes.6 Expression of skin defensins has been studied in neo-

nates but not in older infants. Dorschner et al7 showed that skin in

the perinatal period constitutively produces AMP. Although certain

cathelicidins, a different family of secreted AMP, are significantly

higher in the perinatal period than in adult skin,7 this overexpression

is not apparent with b-defensins, which have been found to be pres-

ent in similar amounts in perinatal and adult skin in mice.7 Loeffel-

bein et al8 documented similar expression profiles of human b-

defensin 1 (hBD-1) in the lip vermilion mucosa of neonates as in that

of adults. We studied the presence of hBD-1 on the skin surface of

infants aged 3-36 months, a period of continuing maturation.

2 | MATERIALS AND METHODS

One hundred seventeen healthy infants aged 3-36 months with

maternal perceived sensitive skin participated in the study after

receipt of signed parental consent. The study was conducted in

accordance with the ethical principles of the Declaration of Helsinki.

Samples were collected from the skin surface of the posterior lower

leg (calf) area using a transdermal patch (Transdermal Analysis Patch

Kit, FibroTX, Tallinn, Estonia) following the manufacturer’s directions.

The extracted amounts of IL-1 alpha (IL-1a), IL-1 receptor antagonist

(IL-1RA), and hBD-1 were visualized using a spot enzyme-linked

immunosorbent assay.9

3 | RESULTS AND DISCUSSION

Skin surface hBD-1 levels were found to be higher early in life and

decrease with age (Figure 1). Previously reported levels for the

apparent concentration of hBD-1 on the skin surface of adults were

approximately 0.2 ng/mL,9 which is similar to levels we found for

the children at 36 months old. According to Dorscher et al,7 new-

borns have little ability to initiate an appropriate immune response

to bacterial infection, which suggests that innate immunity early in

life may in part compensate for the developmental immaturity of the

adaptive immune system3 and that the innate antimicrobial peptide

defense mechanism is a means of antimicrobial protection in new-

borns.7

According to Capone et al,6 microbial colonization of the human

skin begins immediately after birth and is not fully established until

after the first year of life. It was found that the number of genera

does not significantly change over the first year of life; rather there

was evidence of greater diversity and evenness in the microbial

populations of the skin sites sampled.6 This initial exposure to micro-

bial diversity may be critical to the education of the immune system

and development of proper function. In the absence of mature adap-

tive immunity, an innate immune system is the only defense mecha-

nism against bacterial infection. According to Dorscher et al,7

defensins were found in similar concentrations when perinatal skin

was with adult skin in their murine model. Their study examined

mouse b-defensin expression and used only hBD-2 immunostaining.

The presence of antimicrobial peptides is not unique to infant skin.

However, the observation that hBD-1 shows a higher concentration

on the infant skin surface compared to adult implies that innate

immunity is strong early in life compensating for the weaker adap-

tive immune defense system that requires longer time to mature.

The IL-1 family of pro-inflammatory cytokines, which consists of

two agonists, IL-1a and IL-1ß, and a specific receptor antagonist (IL-

1RA) is also a component of the skin immune barrier.10 IL-1 is

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

0 5 10 15 20 25 30 35 40

Ap
pa

re
nt

 h
BD

-1
 

co
nc

en
tr

a�
on

 (n
g/

m
l)

Age (months)

F IGURE 1 Skin surface concentration of human b-defensin 1
(hBD-1) is higher early in life and decreases with age (P < .05 for the
linear regression)
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F IGURE 2 Skin surface levels of the ratio of interleukin (IL)-1
receptor antagonist (RA) to IL-1a are independent of infant age
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associated with the host defense against microorganisms that prolif-

erate inside the mammalian cells.10 Keratinocytes and other epithe-

lial cells secrete IL-1a, which has been shown to be associated with

keratinocyte differentiation, as well as upregulation of certain AMP

associated with cutaneous immunity.11 Nevertheless, according to

Bando et al,11 although IL-1a selectively modulates the expression

of specific cutaneous AMP, IL-1a does not affect or regulate hBD-1

expression. hBD-1 is shown to be constitutively expressed in healthy

and inflamed skin tissue.11 It is likely that IL-1a expression does not

regulate hBD-1 levels. Instead, our observation that hBD-1 levels are

higher early in life and decrease with infant age supports the

notion of an enhanced innate immune barrier early on in infant

development.

Keratinocytes and other epithelial cells also secrete IL-1RA,

which when bound to IL-1 receptors competitively antagonizes the

inflammatory effects of IL-1a and IL-1ß.12 Skin reactivity, or the abil-

ity of the skin to react to external factors, can be measured by

assessing the relationship between IL-1RA and IL-1a.13 The ratio of

IL-1RA to IL-1a increases in response to certain environmental con-

ditions such as ultraviolet exposure, temperature, and contact

because IL-RA has been shown to modulate the inflammatory

response in skin.13 The balance between IL-1RA and IL-1a also mod-

ulates susceptibility to infection; a higher ratio of IL-RA to IL-1a is

associated with greater susceptibility to infection, whereas a lower

ratio is associated with greater resistance to infection.10

The quality of skin barrier function improves over the first years

of life.5 Nevertheless, although molecular diffusion in the SC and

therefore barrier quality may affect measurements of skin surface

levels of IL-1a and IL-1RA, taking their ratio is expected to normalize

such effects. On the other hand, there is no evidence of any diffu-

sion process for hBD-1, since there is no observation of a

concentration gradient in the SC, which shows strong immunostain-

ing for hBD-1 throughout its thickness.14 It is likely that hBD-1 is

packaged in lamellar bodies, as hBD-2 is.15 Therefore, the quality of

the skin barrier is not expected to affect the surface concentration

of hBD-1 strongly.

Data from the present study show that the skin surface ratio of

IL-1RA to IL-1a does not change significantly over the first

36 months of life (Figure 2). Female infants have a significantly

higher ratio of IL-1RA to IL-1a than male infants (Figure 3), which

may imply sex differences in capacity to elicit an immune response,

for example, after onset of an infection. Robinson et al16 showed

that females experience more severe disease and have worse out-

comes from an influenza virus infection than males. Infections

related to diseases caused by highly pathogenic influenza viruses ini-

tiate pro-inflammatory responses by the host,16 and it is likely that

multiple factors, including sex hormones, indirectly connected sex

differences in disease outcome.16 Breaking the collected data into

groups defined according to sex or ethnicity did not result in any

statistically significant differences for the apparent concentration of

hBD-1. There was no effect of ethnicity on the ratio of IL-1RA to

IL-1a (data not shown).

From the values of IL-1a and IL-1RA reported previously in

adults,9 we can infer that the ratio of IL-1RA to IL-1a ranges from 1

to 2, which is the same range we report in Figure 3.

In conclusion, we present for the first time data relating to innate

skin immunity that contribute to our understanding of skin maturation

processes during the first years of life. Innate immunity appears to be

active early in life and decreases as the adaptive immune system

matures. The data show that infant skin maturation affects expression

of the innate immunity marker hBD-1 but not the immune reactivity

marker of the ratio of IL-1RA to IL-1a. It is tempting to hypothesize

that our observations may be the first early-life connection between

sex hormones and immune response and may provide evidence of the

reported greater susceptibility to infection of female infants.
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