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Abstract

Genomic imprinting is a genetic process where only one allele of a particular gene is expressed in
a parent-of-origin dependent manner. Epigenetic changes in the DNA, such as methylation or
acetylation of histones, are primarily thought to be responsible for silencing of the imprinted
allele. Recently, global CpG methylation changes have been identified in psoriatic skin in
comparison to normal skin, particularly near genes known to be upregulated in psoriasis such as
KYNU, OAS2, and SERPINB3. Furthermore, imprinting has been associated with multi-
chromosomal human disease, including diabetes and multiple sclerosis. This paper is the first to
review the clinical and genetic evidence that exists in the literature for the association between
imprinting and general skin disorders, including atopic dermatitis and psoriatic disease. Atopy was
found to have evidence of imprinting on chromosomes 6, 11, 14, and 13. The 3 subunit of the IgE
receptor on chromosome 11q12-13 may be imprinted. Psoriatic disease may be related to
imprinting effects on chromosome 6 for psoriasis and 16 for psoriatic arthritis.

Introduction

Genomic imprinting occurs when only one allele of a particular gene is expressed in a
parent-of-origin dependent manner.[1] (Figure 1) The “imprinted” allele refers to the allele
that has been silenced, either the maternal allele or paternal allele. In mammals, imprinting
affects only a small fraction of the total number of genes. In humans, it is estimated that
there are at least 79 imprinted genes, although some studies suggest the number may be
higher up to 300 genes.[2] However, imprinting of certain human genes is a required and
normal part of embryologic development.

Imprinting is largely thought to occur through the epigenetic mechanisms of DNA and
histone methylation, where epigenetics refers to chemical modifications (e.g. methylation)
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of DNA or DNA-associated proteins that alter gene expression without a change in the
genetic code.[3] In imprinting these epigenetic marks are made in the paternal sperm or
maternal egg cells and are maintained through mitotic cell divisions in the somatic cells of
an organism. The DNA sequences affected by these epigenetic modifications are known as
“differentially methylated regions,” or DMR.[4]

Genomic imprinting can be considered a specific subset of the more general phenomenon of
allele-specific expression (ASE). ASE occurs when two alleles of the same gene have
different levels of expression, ranging from slight differences in expression to one allele
expressed while the other is completely silenced. The most common form of ASE is the first
situation, in which both alleles of a gene are expressed, but one allele more so than another.
In this case the differential gene expression typically results from either genetic or
epigenetic changes specific for a particular allele, and expression levels are unrelated to the
parental origin of the allele. In contrast, imprinting occurs in the second situation of all-or-
none expression and is dependent only on the parental origin of the allele, not on its allelic
DNA sequence.

Imprinting is important because of its association with human disease. Both single
chromosome and multi-chromosome diseases have been implicated in imprinting. Examples
of single chromosome diseases affected by imprinting include Beckwith-Wiedmann, Prader-
Willi, and Angelman syndrome.[5] Moreover, imprinting has been explored for complex
diseases involving multiple chromosomes, such as diabetes and multiple sclerosis. Similar to
psoriasis, multiple sclerosis susceptibility is associated with genetic polymorphism with the
human leukocyte antigen (HLA) region on chromosome 6.[6] Through HLA genotyping, it
was found that the major susceptibility haplotype HLA-DRB1 had a maternal preference of
inheritance.[6] Similarly, a genome-wide association (GWA) study has suggested a paternal
bias in inheritance for risk of type of diabetes, related to the imprinting effects of the gene
DLK1.[7] Recently, epigenetics has been explored in the realm of common skin disorders,
such as atopic dermatitis (AD) and psoriatic disease, which are known to have a genetic
basis. Global CpG methylation changes have been identified in psoriatic skin in comparison
to normal skin, particularly near genes known to be upregulated in psoriasis such as KYNU,
OAS2, and SERPINB3.[8]

This article is the first to review the literature on genomic imprinting in psoriatic disease and
AD. We aim to explore whether imprinting may play a role in the pathogenesis of psoriatic
disease and AD, possibly leading to new avenues for future research.

A Pubmed search using the terms (“imprinting” AND (“psoriasis” OR “eczema” OR “atopic
dermatitis” OR “psoriatic arthritis”)) was conducted on February 2015. Results included 17
articles. The abstract of each article was reviewed for relevance. References of selected
articles were also reviewed . In addition, a Pubmed search using the terms (“imprinting”
AND *“atopy”) was conducted due to the inclusion of atopic dermatitis in the definition of
general atopy. Results included 13 articles, which were screened for relevance via their
abstracts.
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I. Atopy in Relation to Atopic Dermatitis

A. Clinical Evidence—A number of studies have supported a possible role for imprinting
in atopic disease by examining whether the presence of maternal or paternal atopy affects
risk of atopy development in children. In 2012, Folsgaard et al. collected the upper airway
mucosal lining fluid and quantified levels of 18 cytokine and chemokine mediators of atopy,
including IFN-gamma, IL-2, and TNF-a, from 309 asymptomatic neonates.[9] Among them,
241 neonates had either a mother or father with history of atopy, which included atopic
dermatitis, asthma, and hay fever. Neonates of atopic mothers and non-atopic fathers had
lower levels of mediators in the blood when compared neonates of atopic fathers and non-
atopic mothers (P =0.02). Overall, it was found that healthy neonates born to mothers who
are atopic have downregulated cytokines and chemokines in the upper airway mucosal
lining fluid, and that paternal atopy status did not have any effect on the neonate. The
authors suggested that maternal atopy may delay the maturation of the upper airway immune
response in neonates, which paradoxically could lead to increased risk of atopy later in life.

In 1996, Johnson et al. analyzed cord blood from 777 newborns for IgE levels and family
history of atopy, which included allergies, hay fever, and asthma.[10] Maternal, but not
paternal, history of atopic disease was associated with an elevated IgE. Lastly, Ruiz et al.
evaluated infantile AD by parental origin of atopy.[11] Of the 39 infants affected by AD, 19
had atopic mothers and 20 had atopic fathers. Of the 19 with atopic mothers, 9 had AD
whereas of the 20 with atopic fathers, only 2 were affected (relative risk = 4.7 [95%
confidence interval 2.5 to 9.0], P = 0.023). Furthermore, 7 of the 19 infants with atopic
mothers had AD before 6 months of age compared to none of the infants with atopic fathers
(P =0.007). The authors concluded that maternal atopy poses a higher risk for infantile AD
than paternal atopy.

B. Genetic Evidence—Furthermore, a number of additional atopy studies have
investigated possible genetic loci involved in imprinting. Shirakawa et al. studied Japanese
families with atopy (allergic asthma and rhinitis) and had findings supportive of imprinting.
[12] Four large families had a genetic linkage analysis completed. Of these, two families
demonstrated close genetic linkage of atopy and maternal inheritance of the high affinity IgE
receptor B chain on chromosome 11q (LOD = 9.35). This suggested possible imprinting of
chromosome 11g13 affecting atopy. Similarly, Cookson et al. studied siblings-pairs and
found that 62% of sibling-pairs affected by atopy shared the maternal 11q13 allele while
only 46% shared the paternal 11g13 allele (P=0.001), suggesting either paternal imprinting
at 11913 or maternal modification of developing immune responses.[13] Furthermore, a
parametric and nonparametric multimarker linkage analysis of the Busselton families on the
trait of atopy and asthma suggested imprinting effects on chromosome 6 and 14.[14]
Demenais et al. used an affected sib-pair (ASP) method to study atopy in the Busselton
nuclear families that showed significant excess of sharing of a cluster of paternal alleles as
compared with maternal allele on chromosome 13.[15]

In contrast, we identified one genetic study that did not find evidence of imprinting in atopy.
Ferreira et al. studied the genetics of 38 unrelated atopic cases and 37 controls.[16] Atopy
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was defined as a positive skin prick test. The methylation state of the promoter region of
MS4A2, a candidate imprinting gene thought to increase the risk of atopy, and of the AluSp
repeat, a potential locus of epigenetic regulation of MS4A2, were evaluated. It was found
that AluSp was highly methylated regardless of atopy status, and thus not imprinted. The
promoter region for MS4A2 had lower levels of methylation when compared to AluSp but
there was no evidence of parental imprinting or allele-specific methylation at the promoter
site.

II. Atopic Dermatitis

I1l. Psoriasis

When the literature was examined specifically atopic dermatitis, fewer studies were
identified. Cox et al. studied the §§ subunit for a high-affinity IgE receptor on chromosome
11912-13 which was associated with AD.[17] A genotype analysis 60 families with a history
of AD was conducted. Rsal polymorphisms within the receptor gene were associated with
AD, with an excess sharing of maternally-derived alleles (P = 0.0002 for allele 2 of Rsal
intron 2 and P = 0.00034 for allele 1 of Rsal exon 7). Transmission of receptor alleles to
offspring with AD was found to be almost exclusively through the maternal line. However,
Yotsumoto et al. had opposite findings when studying the same 3 subunit for high-affinity
IgE receptor in mice.[18] In measuring the allele specific expression of MS4Az2, the gene
responsible for the § subunit of the IgE receptor, it was found that both maternal and
paternal alleles were expressed equally.

In 2000, Lee et al. performed a genome-wide linkage study on 199 families with at least 2
siblings affected by AD.[19] There was highly significant evidence for linkage on
chromosome 3921 suggestive of paternal imprinting (P = 8.42x107%).

Two studies were identified examining the possible evidence of imprinting in psoriasis. In
1992, Traupe et al. found that children with fathers with psoriasis are 270g heavier than
children from mothers with psoriasis (P<0.004).[20] Offspring from fathers with psoriasis
and male “gene carriers” were significantly more often affected than the offspring of
mothers with psoriasis and female “gene carriers” (P<0.015 and P<0.007, respectively).
65% of grandchildren with psoriasis had an affected grandfather whereas only 35% had an
affected grandmother (P<0.04). Burden et al. conducted a survey and linkage analysis on
1,250 subjects with psoriasis.[21] Analysis was completed on chromosomes 17¢, 4q, and 6p.
There was evidence of a parental effect: more subjects had an affected father than an
affected mother (P=0.044), as well as strong evidence for linkage on chromosome 6p
(LOD=4.63) with greatest evidence of linkage when the allele was of paternal origin
(P=0.00083). Genetic anticipation was also studied and found to be most marked if psoriasis
was inherited from the father; the mean age of onset in the offspring was 24.1 years younger
than in the affected father compared to 10.9 years younger than in the affected mother (P=
0.009).

IV. Psoriatic Arthritis

A. Clinical Evidence—In 2000, Rahman et al. studied 508 patients with psoriatic arthritis,
and recorded a detailed family history consisting of a parental history of psoriasis or
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psoriatic arthritis.[22] Second-degree relative disease history and offspring were also
evaluated. Of those with psoriasis, 65% had an affected father and 35% had an affected
mother (P= 0.001), while 16.2% of offspring from a father with psoriatic arthritis had
psoriasis or psoriatic arthritis compared to 8.3% of offspring from a mother with psoriatic
arthritis (P= 0.10). 7% of patients had an affected 2" degree relative but no affected 15t
degree relative. 62% of these had disease from the paternal side of the family. It was
suggested that the potential role of a 2"d degree relative supports the hypothesis that the
environment is less likely to play a role in diseases pathogenesis, and that genetics play a
more prominent role. The results were supportive of excess paternal transmission.

B. Genetic Evidence—In 2003, Karason et al. genotyped and analyzed 178 patients with
psoriatic arthritis using a fluorescent labeled microsatellite screening set.[23] The findings
supported the recent epidemiological observation that paternal imprinting might play a role
in psoriatic arthritis at a molecular genetic level. The linkage analysis, when conditioned for
paternal transmission to affected individuals, gave a LOD score of 4.19 (very significant),
whereas a LOD score of only 1.03 was observed when conditioned for maternal
transmission. A suggestive locus on chromosome 16q was identified. The data indicated that
a gene at this locus may be involved in paternal transmission of psoriatic arthritis.

To further this analysis, Giardina et al. studied polymorphisms of CARD15 polymorphisms,
the gene located on the section of chromosome 16 suggested by Karason et al. to be
imprinted.[24] Genotypic and allelic frequencies were studied in 193 Italian psoriatic
arthritis patients and 150 controls. However, no significant differences in CARD15
polymorphisms between psoriatic arthritis patients and controls was found, as well as no
evidence of genetic linkage. It was suggested that the results obtained by Karason et al. may
differ due to his study of a genetically isolated population and potential founder effect.

Discussion

Genetic involvement in both psoriasis and AD has been well studied. For AD, genetic
changes affecting the immune response and the skin barrier have been shown to affect the
risk of developing the disease. Single nucleotide polymorphisms in the filaggrin gene and
genetic variants in the IL-4 immune response have been shown to increase the risk of AD in
children.[25, 26] In psoriasis, specific genetic alleles have been associated with the type of
psoriasis seen and the age of onset.[26-28] Generalized pustular psoriasis and psoriasis
vulgaris are associated with different genetic variants, supporting the strong genetic
involvement in pathogenesis.[29]

Few studies have been conducted studying the possible relation between genomic imprinting
and psoriasis and AD. Of those in the literature, there still remains conflicting evidence.
Atopy has shown evidence of imprinting on chromosomes 6, 11, 14, and 13.[13-15] There
still remains debate on whether the  subunit of the IgE receptor on chromosome 11g12-13
is imprinted. Shirakawa et al. and Cox et al. showed a positive maternal
transmission(possible paternal imprinting) of the subunit in allergic rhinitis/asthma and AD
families, respectively, whereas Yotsumoto et al. and Ferrerira et al., through MS4A2
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analyses, did not find evidence of imprinting.[12, 16-18] Possible involvement of imprinting
on chromosome 3 in AD has been noted from genome-wide linkage studies.[19]

In contrast, there is stronger evidence for imprinting in psoriatic disease, particularly in
relation to chromosome 6 for psoriasis and 16 for psoriatic arthritis.[21, 23] However, the
specific analysis of the gene CARD15 on chromosome 16 did not support any genetic
linkage to psoriatic arthritis. This does not exclude the possibility of imprinting effects on
chromosome 16, since imprinting is rarely localized to a single gene. The findings of Burden
et al. suggesting imprinting effects on chromosome 6 for psoriasis opens up a potential
future area of study on the HLA region, which resides on chromosome 6 and is linked to
increased susceptibility for the disease.[30] Furthermore, previous imprinting studies of
HLA-DRB1 in multiple sclerosis, another autoimmune disease, have shown positive results.

[6]

Further studies consisting of both clinical evidence and molecular genetic evidence are
encouraged. By combining both strategies, optimal results can be obtained. Though
contradicting results exist to date, focusing studies on chromosomes 3 for AD and 6 and 16
for psoriatic disease, in particular HLA-C, may result in more significant results.
Manipulation of chromosomal inheritance using the Mosaic Analysis with Double Markers
(MADM) method, which has been used to study imprinting effects in the brain and liver, in
psoriatic mouse models is a potential path to explore.[31] In addition, Burden et al. was the
first to present proof of genetic anticipation in psoriasis, with an earlier age of onset if the
father was affected when compared to the mother. Future studies may consider looking at
whether other factors of disease, such as the type, severity, and responsiveness to treatment
of psoriasis, also have a parental bias.

Psoriasis and AD are complex, multifactorial diseases which have an inheritance pattern yet
to be determined. The studies reviewed here show some evidence that paternal and maternal
transmission of both AD and psoriatic diseases may be biased . Based on these reports, if a
father has psoriasis or psoriatic arthritis, the future child may be more likely to develop the
disease than if the mother was affected. However, for AD, if the mother has a history of
atopy, the future child may be more likely to be affected than if the father was affected.
Further research is needed to substantiate these initial findings, which if shown to be correct
could be incorporated into genetic counseling of patients.
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Figure 1. Schematic for Genomic Imprinting
Imprinting occurs when there is preferential parental expression of a chromosome or gene.

Gene A (e.g. psoriasis gene such as HLA or CARD14) is depicted here to have preferential
paternal expression, denoted with an arrow, and maternal silencing denoted with a circle.
Gene B (e.g. atopic dermatitis gene such as filaggrin) is depicted here to have preferential
maternal expression.
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