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Vernix, the Newborn, and Innate Defense
Commentary on the article by Yoshio et al. on page 211
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Considering the importance of the fetus to our survival as a
species, it is surprising that we know so little about what

protects it from microbial assault. The literature teaches us that
what separates the fetus from the microbes that pass from the
mother’s rectum or inhabit her genitourinary tracts is a simple
physical barrier, “a mucous plug.” The fetus itself is immuno-
logically naïve. We are told that the fetus exists in a state of
“immunologic” privilege relative to its mother, because other-
wise it would be regarded as “foreign” and destroyed no
differently than an unwelcome cancer cell or a transplanted
organ from its father or a nonidentical sibling. Indeed, if
microbes were to invade the amniotic sac and begin an assault
on the fetus, we have virtually no body of knowledge available
to guide us as to how the fetus, living in its privileged enclave,
could defend itself.

Recent discoveries in immunology suggest that powerful
innate systems of defense, previously unrecognized, actually
defend the fetus in its uterine home with a potency and
certainty that begins to explain the paradox (1–4). The report
by Yoshio et al. in this month’s issue discusses the nature of
the antimicrobial defenses provided to the newborn by the
vernix caseosa in the context of innate immunity.

Multicellular animals evolved in a world first inhabited by
microbes and emerged before the evolution of adaptive immu-
nity. The ancient system of defense, called “innate immunity,”
can be found in creatures that appeared millions of years before
the first vertebrate and persist in their modern counterparts as
the principal mode of antimicrobial defense. The insect, for
instance, does not produce an antibody or a lymphocyte (5).
Neither does the octopus, like all invertebrates.

The innate system utilizes molecules such as lysozyme, first
discovered by Alexander Fleming; complement; and lectins,
such as the mannose binding protein (1). Cellular elements,
such as the types of phagocytic cells that migrate to sites of
injury, such as neutrophils and macrophages, are part of this
ancient system.

Recently, a new arm of the innate system has been discov-
ered. The weapons are antimicrobial peptides (2–4). Every

living organism produces them. In multicellular organisms,
these peptides are generally gene encoded, processed from
precursors, and produced by both epithelial tissues and cells
that circulate through the organism’s vascular network. The
antimicrobial peptides are diverse in structure, broad spectrum,
and disinfectant-like in their mode of action. In general, they
target a microbe’s cytoplasmic membrane, damaging it fatally
and in many cases actually also permeating the membrane to
inactivate further the intracellular targets. Bacteria, fungi, pro-
tozoa, and even viruses are commonly susceptible. The nature
of the microbial target, being the design and composition of the
microbial membrane, results in the low probability that a
microbe can evolve a defense against this type of weapon (4).

In humans, two major classes of antimicrobial peptide have
been described: the defensins and the cathelicidins. Defensins
fall into two major subgroups, alpha and beta. Only one
cathelicidin exists in humans. The alpha defensins are pro-
duced in leukocytes, such as neutrophils. They are also pro-
duced by Paneth cells, the granule-rich cells that lie at the base
of the crypts of the gastrointestinal tract. In the fetus, Paneth
cell defensins are synthesized by the 25th week of gestation
and continue to increase in abundance as term approaches (5).
In white cells, defensins are responsible for nonoxidative
microbial killing. Paneth cells secrete defensins into the bowel
lumen, where they serve to control the growth of microbial
populations in a nutrient-rich incubator-like environment of the
small bowel. At least four beta defensins are produced in
humans, all principally by epithelial tissues and differing from
alpha defensins in the manner in which they are folded. HBD1
is constitutively synthesized and produced in early fetal life in
tissues such as the urinary tract. The others are inducible. (The
beta defensin story is clearly still incomplete, because �20
new genes have been discovered in our genome and the
expression and tissue distribution of these gene products have
yet to be fully explored (6).) Cathelicidins represent another
family, and humans possess only one, LL-37 (7). This antibi-
otic peptide can be secreted from leukocytes, after exposure to
microbes, and will accumulate in both the cerebrospinal fluid
and blood. LL-37 is strongly induced on epithelial surfaces
after an injury, microbial invasion, or a stimulus that generally
provokes inflammation.
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Beta defensins and LL-37 protect our epithelial surfaces. On
dry epithelia, they function as “preservatives.” On mucosal
surfaces, they can be secreted into the biofilm that covers the
epithelial surface, creating an environment that is chemically
hostile for microbial survival. Cystic fibrosis is associated with
chronic infection in part because the genetic defect impairs the
body’s capacity to control the precise milieu required for
optimal functioning of the resident antimicrobial peptides. In
CF, Staphylococcus aureus and Pseudomonas aeruginosa pro-
liferate, inducing a futile and destructive inflammatory re-
sponse that ultimately destroys the functionality of the lung (4).

The receptors that are linked to the expression of the induc-
ible antimicrobial peptides expressed by our epithelial surfaces
have recently been described (8). On the basis of analogous
receptors found in insects, they have been termed toll-related
receptors (TLR). At least 10 different receptors have been
described. Each TLR seems to recognize a specific microbial
component. TLR4, for example, responds to lipopolysaccha-
ride. The current view is that both epithelial tissues and
circulating cells designated to guard the “front line” separating
ourselves and the microbes in the environment are equipped
with TLR linked through intracellular networks that converge
on specific batteries of antimicrobial genes.

Another interesting twist on our relationship between mi-
crobes and ourselves has come from studies on the relationship
between microbes that we have come to regard as beneficial
“commensals” and the innate immune system (3, 9). In general,
commensals, such a Lactobacilli, are resistant to endogenous
antimicrobial peptides. However, they themselves induce ex-
pression of antimicrobial peptides. Their presence can keep the
epithelial defense system chronically on guard. The microbes
that initially populate the epithelial surfaces in newborns might
play a role in stimulating the innate system.

The report by Yoshio et al. explores the antimicrobial
properties of vernix caseosa, the creamy white substance that
covers the skin of term babies. Vernix is a greasy hydrophilic
substance that has long been regarded as a protective barrier of
some sort, notably as an emollient-like agent. Recent studies
have suggested that vernix has antimicrobial activity and could
be providing a fetus with a “protective shield” while in utero or
in preparation for its eventual entry into a microbially hostile
world.

In this study, Yoshio et al. collected vernix, extracted the
constituent peptides, and identified the presence of antimicro-
bial peptides. The unfractionated proteinaceous extract of ver-
nix exhibited activity against a Gram-positive microbe and a
fungal microbe, Candida albicans. Antimicrobial peptides
identified in vernix included alpha defensins and LL-37.

Yoshio et al. suggest that vernix provides a layer of anti-
microbial defense for the infant after delivery.

Several intriguing issues are provoked by this study. Does
the vernix protect the fetus from subclinical intrauterine infec-
tions, while in utero? Which tissue contributes to the antimi-
crobial peptides present in vernix? Does variation in the ex-
pression of these peptides occur normally, and is it correlated
with susceptibility to intrauterine or perinatal infection? It is
curious that the mucous plug that forms at the os of the cervix
contains many of the same peptides present in vernix (10),
suggesting that both vernix and the mucous plug have been
designed to defend against specific microorganisms. What
might these organisms be? Can the physical and chemical
properties of the vernix be duplicated in the synthetic labora-
tory and serve a therapeutic purpose in the treatment or pre-
vention of disease? What is the physical structure of the vernix
on the surface of the fetus? Is it a stratified, physically struc-
tured and organized covering, with peptides highly concen-
trated within a narrow discrete layer? Vernix itself has potent
inflammatory properties, as evidenced by numerous reports of
vernix-associated maternal peritonitis (11). Might vernix have
a proinflammatory role in the fetus, acting as an inducer of fetal
epithelial defensin expression before birth? Indeed, recent
studies suggest that the newborn’s skin expresses high levels of
beta defensins and LL-37, at levels much higher than found in
normal healthy adult skin (R. Gallo, personal communication).
Many wonderful questions are provoked by this simple study
of a film that we wipe from the skin of the newborn baby. Like
birth itself, vernix is another miracle.
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