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Deletion of the late cornified envelope (LCE) genes
LCE3B and LCE3C has recently been identified as a
risk factor for psoriasis. Expression of 16 LCE genes
of LCE groups 1, 2, 3, 5, and 6 was examined in vivo
and in vitro. Quantitative PCR demonstrated that
moderate to high LCE expression was largely con-
fined to skin and a few oropharyngeal tissues.
Genes of the LCE3 group demonstrated increased
expression in lesional psoriatic epidermis and were
induced after superficial injury of normal skin,
whereas expression of members of other LCE
groups was down-regulated under these conditions.
Immunohistochemistry and immunoelectron mi-
croscopy demonstrated that LCE2 protein expres-
sion was restricted to the uppermost granular layer
and the stratum corneum. Stimulation of in vitro
reconstructed skin by several psoriasis-associated
cytokines resulted in induction of LCE3 members.
The data suggest that LCE proteins of groups 1, 2, 5,
and 6 are involved in normal skin barrier function,
whereas LCE3 genes encode proteins involved in
barrier repair after injury or inflammation. These
findings may provide clues to the mechanistic role
of LCE3B/C deletion in psoriasis. (4m J Pathol 2011,
178:1470-1477: DOI: 10.1016/j.ajpath.2010.12.017)
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Psoriasis is a common inflammatory skin disease caused by
both genetic and environmental factors.’™ A substantial
number of psoriasis susceptibility loci has been identified
that harbor genes involved in adaptive and innate immu-
nity, such as HLA-Cw6, IL12B, IL23R, TNFAIP3, TNIP1,
and the B-defensins.? Recently, a deletion of two mem-
bers of the late cornified envelope genes, LCE3B and
LCES3C, was identified as the first psoriasis risk factor with
a putative role in skin barrier function.* In support of this
finding, an independent genome-wide association study
of a large Chinese cohort found that single nucleotide
polymorphisms in strong linkage disequilibrium with the
LCE3BJC deletion are associated with psoriasis.® This
association has been widely replicated in cohorts of Eu-
ropean and Asian origin.®”

The LCE genes are located on chromosome 1921 in
a region called the epidermal differentiation complex.®
This region is enriched for genes expressed during epi-
dermal differentiation including loricrin, involucrin, filag-
grin, the small proline-rich protein genes, and the LCE
genes.® ' With 18 members, the LCE gene family is
divided into six groups, LCET to LCE6, based on similar-
ities of amino acid sequences, genomic organization,
and patterns of expression.®

The role of the LCE proteins in epidermal biology has
not been extensively studied. In mice, it was observed
that members of the Lcel group are expressed rather
late in epithelial development, where they are incorpo-
rated into the cornified envelope via cross-linking by
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transglutaminases.’’ Other investigators used quantita-
tive PCR (gPCR) to demonstrate that the human LCE7
and LCE2 genes were primarily expressed in skin,
whereas LCE4 and LCE5 gene expression was largely
undetectable in the human tissues examined.® LCE3
gene expression was absent or variable at low levels in
internal and external epithelia, although at that time the
LCE3B/C deletion was not known, which may have af-
fected these results. Studies in cultured keratinocytes
demonstrated that LCE2 expression is induced by Ca* ™,
whereas UVB irradiation induced expression of LCE3E
and members of the LCET and LCE2 groups.®

In a previous study based on the observed LCE3C
induction in lesional psoriatic skin and injured skin, a role
for the LCE3 genes in skin barrier repair was hypothe-
sized.? The present study sought to extend these studies,
to find a possible clue to the mechanistic relationship
between the LCE3B/C deletion and psoriasis. Expression
of 16 LCE genes of the LCE groups 1, 2, 3, 5, and 6 was
investigated in vivo and in vitro at the mRNA and the
protein level. The results demonstrate that, compared
with other LCE groups, members of the LCE3 group are
differently expressed, which suggests nonredundant
functions that may be relevant for psoriasis.

Material and Methods

Human Tissues

Patients and healthy volunteers (N = 6 for all groups)
were recruited by the Dermatology Clinic of Radboud
University Nijmegen Medical Centre (Nijmegen, The
Netherlands). All diagnoses were made by a dermatolo-
gist. The study was approved by the local medical ethical
committee, “Commissie Mensgebonden Onderzoek Arn-
hem-Nijmegen,” and conducted according to the Decla-
ration of Helsinki principles. Written informed consent
was obtained. Patients had moderate to severe plaque-
type psoriasis. Biopsy specimens were taken from le-
sional and nonlesional skin (N = 4). For stratum corneum
removal by tape stripping in healthy control individuals
(N = 5), two areas on the lower back measuring 1 X 2cm
each were tape stripped until the surface glistened after
repeated application and removal of adhesive tape (20 to
40 times). At 24 and 48 hours after tape stripping, 3-mm
biopsy specimens were taken from the tape-stripped
area and from healthy skin for RNA isolation and histo-
logic analysis, respectively. Archival autopsy material
from a large number of normal human tissues was ob-
tained from the Department of Pathology (Radboud Uni-
versity Nijmegen Medical Centre).

Three-Dimensional Reconstructed Skin

Reconstructed skin was generated as described previ-
ously." In brief, de-epidermized human dermis, 0.8 mm
thick and 8 mm in diameter, was used as a scaffold for
keratinocytes. Constructs were cultured submerged for 3
days in tissue culture inserts in a 24-well plate, and sub-
sequently the medium level was lowered to enable air
exposure to induce terminal differentiation. For analysis
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of LCE expression during normal skin development, the
constructs were cultured air-exposed for the indicated
times. This cultured epidermis is negative for psoriasis-
associated proteins such as cytokeratin 16, elafin, and
human B-defensin.’? At this point, a combination of pro-
inflammatory cytokines [10 ng/mL of IL-1a, 5 ng/mL of
tumor necrosis factor-a (TNF-a), and 5 ng/mL of IL-6] or
Th17 cytokines (100 ng/mL of IL-17 or 100 ng/mL of
IL-22) was added for 72 hours (N = 5 per group) to
induce cytokine-specific gene expression. Nine healthy
donors of human keratinocytes were used.

Real-Time qPCR

Epidermal sheets from skin biopsy tissue or skin constructs
were separated from the underlying dermis as described
previously.'® The extracted and DNase |-treated RNA from
these epidermal sheets was used for first-strand cDNA
synthesis using a kit (iScript cDNA synthesis kit; Bio-Rad
Laboratories, Inc., Hercules, CA) using 1 ug of RNA as
input.’ The reverse transcriptase reaction products were
used for gPCR amplification of genes of interest using a
quantification system (MyiQ Single-Color Real-Time De-
tection System; Bio-Rad Laboratories, Inc.) and melting
curve analysis as described previously.’® Expression of
target genes was normalized to expression of the house-
keeping gene human ribosomal phosphoprotein PO
(RPLPO) in the same sample. For analysis of LCETA,
LCE1C, LCE1D and LCETE, and the complete LCE2
group, primers were used as described previously.®
Primers for LCE1B, LCE1F, LCEBA, LCE3C, LCE3D,
LCE3E, LCE5A, and LCE6A were designed, and PCR
products were sequenced to check primer specificity.
Primers (Biolegio BV, Nijmegen, The Netherlands) for
gPCR were accepted only if their efficiency was between
90% and 110%. For LCE3B and LCE4A, none of the
designed primer pairs met this criterion, and, therefore,
these genes were not analyzed in this study. Primer se-
quences and efficiency are given in Table 1. Because the
LCE primer pairs were not intron-spanning, each primer
pair was also tested with input in which during cDNA
synthesis no reverse transcriptase had been used. No
specific product was found in any of these reactions.
Relative mRNA expression levels were calculated using
the AA-Ct method.® For graphic representation of mRNA
data, all in vivo data are plotted relative to LCETA expres-
sion in normal skin (Figures 1, 2A, and 3A) or uninvolved
skin (Figure 2B). The in vitro data are plotted relative to
expression of the same gene in the control condition
(Figure 4).

LCE2 Antibody Production

A human pan-LCE2 antibody was raised in rabbits
against the synthetic peptide RPRLFHRRRHQSPD. This
peptide perfectly matches LCE2B, LCE2C, and LCE2D,
and differs by one amino acid for LCE2A (fourth R—H in
LCE2A). The antiserum was positively tested on recom-
binant human LCE2A from bacterial lysates at Western
blot analysis (see Supplemental Figure S1 at http://ajp.
amjpathol.org).
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Table 1. Primers for qPCR

Gene Forward primer Reverse primer E*
LCE1AT 5'-TGCAAGAGTGGCTGAGATGC-3' 5'-AGACAACACAGTTGGTGTCAGG-3’ 2.18
LCE1B 5'-TGAGCCTAGAAGAACACAA-3' 5'-GAAGGAGAAGGAAGACGG-3’ 1.94
LCE1CT 5'-GAATCCAGGACCGCAAACTG-3' 5'-TGGACCTGTGAGCCTCTCAG-3' 2.03
LCE1DSET 5'-TGAATAGCTGAGAGGTTCCAGC-3’ 5'-CAGCCATGGATCTGCAGAAG-3' 2.06
LCETF 5'-CCACACCGAAGTGCC-3’ 5'-GCTGCAGCAGGAAGAG-3' 1.83
LCE2AT 5'-GGACCTGTCCCAGAGTGATG-3' 5'-GATCCAGGATGGGCTCTTG-3" 2.10
LCE2B" 5'-GGTTGACTAAACTCTGCCAGG-3’ 5'-CACTGGGGCAGGCATTTA-3’ 2.04
LCE2CT 5'-CTTGGGACTGAATGGCCAAG-3' 5'-GACTTGCAATTGGGGTGTTAC-3’ 1.91
LCE2D* 5'-CTGCAGAAGAGCTCTGGTACTG-3’ 5'-CTCCATCAAGCACAAAGTTCTG-3’ 2.15
LCE3A 5'-GAGTCACCACAGATGCC-3’ 5'-CTTGCTGACCACTTCCC-3’ 2.02
LCE3C 5'-CTGAGCCACCACAGGCACTT-3' 5'-TGTTTCCTCCAAAGATCACTTGTC-3' 2.03
LCE3D 5'-CCCCATCTTGATGCATGAG-3’ 5'-TGTGACATCCTGGACATCAG-3' 2.07
LCE3E 5'-CTGATGCTGAGACAAGCGATCTT-3’ 5'-GATCCCCCACAGGAAAACCT-3' 2.20
LCE5A 5'-CCCTCTTTATCCTGCCC-3’ 5'-ACAACACCTAGTTCTCCAA-3' 1.87
LCEBA 5'-AGAAGCAGCAATCTTGGA-3’ 5'-CCTTTGGGAACTGGAATG-3’ 2.05

*Efficiency as fold increase in fluorescence per PCR cycle.
TPrimer was previously described by Jackson et al.®

Immunohistochemistry

Tissues or skin constructs were fixed in a buffered 4%
formalin solution (Mallinckrodt Baker, Inc., Deventer, The
Netherlands) for 4 hours and subsequently embedded in
paraffin. Material was cut in 7-um sections and subse-
quently processed for staining using a kit (Vectastain
ABC kit; Vector Laboratories, Inc., Burlingame, CA) as
previously described.”” LCE2 staining was performed
using the primary rabbit anti-human pan-LCE2 antibody
and a goat anti-rabbit antibody as a secondary antibody
(Vector Laboratories, Inc.).

Immunofluorescence Analysis

Skin biopsy specimens were fixed and cut as de-
scribed (see “Immunohistochemistry”). Immunofluo-
rescence analysis was performed as previously de-
scribed' using the rabbit anti-human pan-LCE2
antibody and a mouse anti-cathepsin V antibody (R&D
Systems, Inc., Minneapolis, MN) as primary antibodies.
The secondary reagents were Alexa Fluor 488 goat anti-
rabbit IgG highly cross-absorbed and Alexa Fluor 594
goat anti-mouse IgG highly cross-absorbed (Molecular
Probes, Inc., Eugene, OR). Nuclei were stained with DAPI
(Dako-Cytomation A/S, Copenhagen, Denmark).

Immunoelectron Microscopy

Postembedding immunoelectron microscopy using resin
(Lowicryl K11M; Chemische Werke Lowi GmbH, Wald-
kraiburg, Germany) was performed as described previ-
ously.' The secondary antibody used for immunoelectron
microscopy was 5 nm of gold-conjugated goat anti-rabbit
IgG (BBinternational, Cardiff, UK).

Statistical Analysis

Data are given as mean (SD). Statistical analysis of gPCR
data was performed on ACt values using commercially
available software (SPSS release 16.0; SPSS, Inc., Chi-

cago, IL). One-way analysis of variance, followed by Dun-
nett post hoc testing, and paired t-tests were performed.
P < 0.05 was considered statistically significant.

Results

LCE Expression in Human Tissues

Because quantitative information about relative expres-
sion levels of the LCE gene family in human beings is
limited,®'" gPCR analysis was performed on a large
panel of tissues including many epithelia. Expression was
analyzed of all LCE genes except LCE3B and LCE4A, for
which validation of specific primers failed. Because of
high sequence similarities between LCETD and LCETE,
these genes were analyzed together (Figure 1, D and E).
Figure 1 shows the expression of the LCE3 genes in a
wide range of normal human tissues using the expression
of LCETA in skin as a reference (set at unity). The tissues
originate from individuals homozygous for the LCE3B/C
deletion; therefore, no LCESC data are available. Gene
expression data from the other LCE genes is shown in
Supplemental Figure S2 (at http://ajp.amjpathol.org). Most
samples demonstrated very low to undetectable LCE ex-
pression. Moderate expression was observed in trunk
skin and some oral epithelia. High LCE gene expression
was observed only in plantar skin.

Distinct Expression Patterns of LCE3 Genes in
Normal and Psoriatic Skin

Figure 2A shows the mRNA expression of the various LCE
genes as determined in epidermal sheets of normal skin
and of lesional skin of patients with psoriasis (see Sup-
plemental Table S1 at http://ajp.amjpathol.org for ACt val-
ues and exact P values). Expression levels of the various
LCE groups seemed to be groupwise regulated. All mem-
bers of the LCE groups 1, 2, 5, and 6 were significantly
down-regulated in psoriatic skin, whereas all genes of the
LCES3 group were barely present in normal skin and were
significantly induced in psoriatic skin (for LCE3C only
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Figure 1. Relative mRNA expression levels of LCE3 genes in normal human
tissues. Expression of target genes was normalized to that of RPLPO. For
graphic representation, all values are expressed relative to LCEIA in skin,
which was set at unity, to enable comparison of expression levels between
tissues and genes (see Livak and Schmittgen'®). Primer sequences and effi-
ciency of amplification are given in Table 1. Expression of other LCE family
members is shown in Supplemental Figure S1 (available at hup:/ajp.
amyjpathol.org). Normal human tissues are from a single individual, and data
from normal skin are from 12 individuals. Data are given as mean (SD).

when present in the genome), as reported by others.?° In

four patients with psoriasis, LCE gene expression levels
in uninvolved psoriatic skin were also investigated, and
exhibited a similar expression pattern as observed in
normal skin (Figure 2B and Supplemental Table S2 at
http.//ajp.amjpathol.org). To confirm the LCE mRNA ex-
pression data at the protein level, an antiserum directed
against all LCE2 members was used to stain paraffin
sections of psoriatic and normal skin. Figure 2C shows
that the pan-LCE2 antibody stained the upper granular
layer and stratum corneum of normal and lesional psori-
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atic epidermis. No gross difference in staining intensity
between normal and diseased skin was observed de-
spite the decrease of mMRNA expression observed for
LCE2 members (notably LCE2B) in psoriasis. Co-local-
ization studies using immunofluorescence microscopy
on normal skin sections demonstrated overlap be-
tween LCE2 and cathepsin V expression (Figure 2D).
Previous studies have shown that cathepsin V is pres-
ent in the superficial granular layer and stratum cor-
neum, where it is associated with corneodesmo-
somes.'® LCE2 co-localized completely with cathepsin
Vin the granular layer, whereas expression in the stra-
tum corneum partly co-localized. In the stratum cor-
neum, LCE2 is more broadly expressed. Immunoelec-
tron microscopy analysis was performed to study the
subcellular localization of the LCE2 proteins, which were
present in a diffuse cytoplasmic distribution in the cells of
the granular layer. In the stratum corneum and upper
granular layer, LCE2 proteins were localized along the
cornified envelopes (Figure 2E). LCE2 expression in skin
appendages was limited to nail, where expression was
observed in the matrix, between the matrix and the prox-
imal nail fold, in the proximal nail fold, and in the hypony-
chium (Figure 2F). No expression was observed in hair
follicles or sweat glands (data not shown).

Skin Injury Induces Specific Expression of
LCE3 Genes

It has previously been demonstrated that expression of
the LCE3C and LCESE genes is induced after tape strip-
ping of normal skin.* Superficial skin injury in healthy vol-
unteers leads to disruption of the skin barrier and induces
epidermal activation as assessed by morphologic features,
cell proliferation, and gene expression.?" gPCR analysis
was used to investigate expression of all LCE genes before
and after tape stripping of normal skin (Figure 3, and Sup-
plemental Table S3 at http.//ajp.amjpathol.org). The LCE
genes of groups 1, 2, 5, and 6 were significantly down-
regulated after tape stripping, whereas the LCE3 genes
were significantly up-regulated. This pattern of groupwise
induction and down-regulation was similar to that in nor-
mal versus psoriatic skin (Figure 2A). mRNA data were
confirmed at the protein level for LCE2. Figure 3B shows
that before tape stripping, LCE2 was detected in the
uppermost layer of the stratum granulosum and in the
entire orthokeratotic stratum corneum. Forty-eight hours
after tape stripping, LCE2 protein was completely absent
in the granular layer and in the parakeratotic stratum
corneum.

LCE Gene Expression in Stratifying Epidermis in
a Reconstructed Skin Model

To examine the dynamics of LCE gene expression during
the process of epidermal stratification, reconstructed skin
on de-epidermized dermis was used, as described pre-
viously.?2 The mRNA data (see Supplemental Figure S3A
and Supplemental Table S4 at http://ajp.amjpathol.org)
demonstrate that expression of the LCE genes was very
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low at day 0 (mean Ct-value, 31). At this time, the cells are
still present as an undifferentiated layer of a few cells. After
3 days of air exposure, expression of all LCE genes except
LCESBA and LCE5A was highly induced. The LCE expression
levels continued to rise until day 6, then stabilized until day
15 of the air-exposure phase. The gPCR results for LCE2
were confirmed at the protein level (Figure S3B). LCE2
proteins were not expressed in the skin construct at day
0; however, from day 3 onward, expression gradually
emerged in the stratum granulosum, and later LCE2 pro-
teins were also present in the stratum corneum. The expres-
sion data for reconstructed skin, at both the mRNA and
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Figure 3. LCE expression before and after tape stripping in normal skin.
A: Relative mRNA expression levels of LCE genes in epidermal sheets of
healthy control individuals before and after tape stripping (TS) (N = 5). All
values were expressed relative to LCEIA in skin to enable comparison of
expression levels between genes. *P < 0.05 compared with before tape
stripping [mean (SD)]. B: Immunohistochemical staining with the pan-LCE2
antibody on sections of normal skin before tape stripping (upper and
middle panels), before enlarged (middle panel), and 48 hours after tape
stripping (lower panel). Each illustration is representative of data for five
different individuals. Scale bar = 50 wm.

K 1A 1B 1C 1D&E F 2A 28 2C 20 2A X 3D 3E 5A BA - . . . . o
LCE gene from patients with psoriasis (N = 4) (B). All

;‘ I:)---

Figure 2. LCE expression in normal and psori-
atic skin. Relative LCE gene mRNA expression
levels in epidermal sheets from healthy control
individuals (NS) and patients with psoriasis (PS)
(N = 6) (A) and uninvolved and involved skin

values are expressed relative to LCE1A in normal
or uninvolved skin. *P < 0.05 compared with
normal or uninvolved skin [mean (SD)]. C: Im-
munohistochemical staining with the pan-LCE2
antibody on normal skin (NS) and lesional pso-
riatic skin (PS). Scale bar = 100 pm. D: Co-
localization (merged yellow signal) of LCE2
(green) and cathepsin V (red) in the upper gran-
ST e 5] ular layer of normal skin. Scale bar = 50 pum.
= : E: Immunoelectron microscopy. LCE2 labels (ar-
rowheads) are associated with the cornified en-

velope in the stratum granulosum. D, desmo-

some; KHG, keratohyalin granule. Scale bar =

50 wm. F: Immunohistochemical staining for the

between matrix and praximal nail fold LCE2 group in nail. Scale bar = 50 um.
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protein levels (for LCE2), were similar to those observed in
normal human skin (Figure 2B), which indicates that this is
a suitable model for study of LCE biology in vitro. In this
model, higher expression of LCE3D and LCES3E and lower
expression of LCE5A was observed compared with expres-
sion levels of these genes in normal skin.

Cytokine Induction of LCE Gene Expression in a
Reconstructed Skin Model

A recently developed in vitro psoriatic skin model was
used to examine disease-specific keratinocyte gene ex-
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Figure 4. Cytokine-induced LCE mRNA expression in reconstructed skin.
Relative mRNA expression levels of LCE genes in epidermal sheets from skin
constructs after stimulation with different cytokine combinations (N = 5 per
group): 10 ng/mL of IL-1a, 5 ng/mL of TNF-q, and 5 ng/mL of IL-6 or 100
ng/mL of IL-17 or 100 ng/mL of IL-22. Values for each gene were expressed
relative to the control culture condition, which was set at unity. It is not
possible to compare expression levels between genes. *P < 0.05 compared
with control condition [mean (SD)].



pression levels.'® This model was used to study the effect
of proinflammatory cytokines associated with psoriasis
on expression of LCE genes. A combination of psoriasis-
associated cytokines TNF-«, IL-1e, and IL-6 significantly
induced expression of the LCE3 genes, whereas this
combination and the Th17 cytokine IL-22 significantly
down-regulated expression of LCE1B (Figure 4 and Sup-
plemental Table S5 at http://ajp.amjpathol.org). IL-17 and
IL-22 demonstrated nonsignificant up-regulation of the
LCE3 genes. The investigated cytokine combinations did
not significantly affect expression of other LCE members.

Discussion

Herein is reported a comprehensive study on the expres-
sion of human LCE genes in vivo and in vitro. The highest
expression of all LCE genes was observed in skin, and
moderate expression in some oral epithelia. Very low to
undetectable expression was observed for all LCE genes
in most samples from a broad panel of tissues including
many epithelia. Of 16 investigated LCE genes, only ex-
pression of the LCE3 group members was significantly
induced in psoriatic skin, whereas genes from the other
LCE groups were significantly down-regulated. Similar
groupwise expression patterns were observed after su-
perficial injury of normal skin by tape stripping. Localiza-
tion studies demonstrated that the LCE2 proteins are
expressed in the uppermost layer of the stratum granu-
losum on cornified envelopes. Stimulation of in vitro re-
constructed skin with psoriasis-associated cytokines
demonstrated induction of LCE3 gene expression. This in

‘ trauma, infection ‘
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vitro model also demonstrated that during the process of
epidermal stratification, LCE gene and protein expression
begins at the moment of stratum corneum formation.

Analysis of tissue expression suggests that all LCE
genes are likely involved in skin-specific processes. The
data presented herein confirmed the results of previous
studies of LCET, LCE2, and LCE5 expression. One study,
however, demonstrated that LCE3 genes were primarily
expressed in esophagus and tongue, and were barely
present in skin."! This may be because only normal skin
was studied, in which LCE3 expression is low. The LCE2
proteins are localized in the superficial cells of the stra-
tum granulosum and in premature cornified envelopes,
resembling involucrin staining in normal skin.?® In mouse
embryos, similar localizations were observed for Lce1."’
LCE2 is also present in the nail unit, at similar locations as
involucrin, filaggrin, and transglutaminase 3,24 which
suggests that LCEZ2 is not only involved in terminal differ-
entiation in the epidermis but also in the nail unit. From in
vitro data in stratifying epidermis, it was observed that
LCE expression begins at the moment of stratum cor-
neum formation, which is similar to loricrin expression in a
previous study.?? Together these results strengthen pre-
vious observations that LCE proteins are expressed late
and are finally localized in the stratum corneum as part of
the comified envelope.™’

The present study demonstrated that induction of
LCE3 gene expression observed in lesional psoriatic epi-
dermis can be mimicked by adding a combination of
TNF-a, IL-1a, and IL-6 to the reconstructed skin model. In
addition, the Th17 cytokines seem to have an effect on

environmental antigens
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l
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Figure 5. Tentative model of psoriasis based on genetic and cell biological data. It was proposed that minor trauma such as by mechanical stimuli or subclinical
infection will breach the skin barrier and induce cell damage, which subsequently causes activation of keratinocytes. Keratinocytes will respond to superficial
injury by innate immune responses such as activation of nuclear factor kB signaling and secretion of chemokines, cytokines, and B-defensins. This has been well
documented in in vivo (tape stripping) and in vitro models. Skin barrier disruption will activate repair mechanisms such as up-regulation of normal constituents
(involucrin and transglutaminase-1) and induce expression of LCE3 genes (present study). The speed and quality of the temporary skin barrier may depend on
the genotype for the LCE3B/C deletion. Individuals harboring a deleted allele may be subject to increased penetration of environmental or microbial antigens. The
low-grade inflammation caused by keratinocyte activation will attract immunocompetent cells (T cells and dendritic cells) to the skin and could lead to activation
of adaptive immunity in genetically predisposed individuals that responds to unidentified antigens that have penetrated the skin. The ensuing immune response
characterized by secretion of Th1 and Th17 cytokines will in turn cause activation of keratinocytes, resulting in a vicious cycle and chronicity of inflammation.
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LCE3 expression; IL-22 demonstrated a trend toward in-
duction, especially of LCE3A. The effects on LCE3D and
LCES3E gene expression are smaller. It could be that the
basal expression levels of these genes in the recon-
structed skin model are higher in the control situation
than in normal skin; thus, induction of gene expression is
more difficult to demonstrate. Previous in vitro studies
used submerged keratinocyte cultures in which LCE2
gene expression was induced by adding Ca™*-rich me-
dium.® UVB irradiation caused induction of the LCET and
LCE2 groups and of LCE3E. Expression of other LCE
genes remained low in both situations. These results do
not show the same groupwise expression as observed in
the present study. This might be caused by the use of
submerged cultures in which the basal expression levels
of the LCE genes are very low (data not shown).
Deletion of LCE3B and LCE3C is a widely replicated
risk factor for psoriasis.*~” Although the associated odds
ratio is modest (1.21 in a recent meta-analysis’) com-
pared with that of HLA-Cw6 (2.8 according to another
meta-analysis®®), the high prevalence of the deletion in
patients with psoriasis results in a considerable popula-
tion-associated risk (21%%). Its reported epistasis with
HLA-Cw6 in at least some white populations makes it a
major risk factor for psoriasis.” Inasmuch as all LCE
genes are similar and would be predicted to exert similar
functions, the question arises as to why deletion of 2 of 18
quite similar LCE genes could have a role in the etiology
of psoriasis. Herein it was demonstrated that four of the
five LCE3 genes are differently expressed compared with
other LCE groups. It was interpreted that LCE3 members
may function as barrier repair proteins whose expression
is driven by proinflammatory cytokines, whereas other
LCE proteins have a constitutive role in barrier function of
normal skin. Heterozygous or homozygous deletion of
LCE3B and LCE3C, which is observed in greater than
90% of patients with psoriasis, could potentially affect
skin barrier properties (compared with the homozygous
ancestral status of two intact chromosomes), in particular
under conditions of stress.” Thus, concerning the rele-
vance for psoriasis, there is deletion of two of five LCE3
genes rather than two of 18 LCE genes. Because LCE3B
and LCES3C are expressed at low levels, if at all, in normal
skin, the situation is different from the filaggrin (FLG) gene
and atopic dermatitis.?® In atopic dermatitis, it has been
suggested that a slightly leaky skin barrier could enable
penetration of environmental allergens and would favor
development of atopy.?” For LCE3B and LCE3C, expres-
sion is induced only after barrier disruption. Although 18
LCE genes are present on the genome, only five genes
from this family seem to have a function after skin barrier
disruption or inflammation. It was hypothesized that be-
cause of deletion of LCE3B and LCESC, in combination
with other unknown factors, an incomplete skin barrier
repair response could occur after minor skin injury. It is
speculated that the presence of only the LCE3A, LCE3D,
and LCES3E proteins is not sufficient for a complete barrier
repair response. A consequence could be increased per-
meability for environmental stimuli (eg, microbial compo-
nents), leading to activation of innate immune mecha-
nisms and subsequent recognition by the adaptive

immune system in predisposed (eg, HLA-Cw6+) individ-
uals (Figure 5). This is a testable hypothesis that merits
further investigation.
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