
Yu Sawada1, Motonobu Nakamura1,
Toshinori Bito2, Jun-Ichi Sakabe3,
Rieko Kabashima-Kubo1,
Ryosuke Hino1, Miwa Kobayashi1

and Yoshiki Tokura3

1Department of Dermatology, University of
Occupational and Environmental Health,
Kitakyushu, Japan; 2Division of Dermatology,
Department of Clinical Molecular Medicine,
Faculty of Medicine, Kobe University Graduate
School of Medicine, Kobe, Japan and
3Department of Dermatology, Hamamatsu
University School of Medicine, Hamamatsu,
Japan
E-mail: long-ago@med.uoeh-u.ac.jp

SUPPLEMENTARY MATERIAL

Supplementary material is linked to the online
version of the paper at http://www.nature.com/jid

REFERENCES

Bito T, Sawada Y, Tokura Y. (2012) Pathogenesis of
cholinergic urticaria in relation to sweating.
Allergol Int 61:539–44

Black AK, Lawlor F, Greaves MW (1996)
Consensus meeting on the definition of
physical urticarias and urticarial vasculitis.
Clin Exp Dermatol 21:424–6

Conti P, Pang X, Boucher W et al. (1997)
Impact of Rantes and MCP-1 chemo-
kines on in vivo basophilic cell recruit-
ment in rat skin injection model and their
role in modifying the protein and mRNA
levels for histidine decarboxylase. Blood
89:4120–7

Hino R, Kabashima K, Kato Y et al. (2010)
Tumor cell expression of programmed
cell death-1 ligand 1 is a prognostic factor
for malignant melanoma. Cancer 116:
1757–66

Hoshino M, Nakagawa T, Sano Y et al. (2005)
Effect of inhaled corticosteroid on an
immunoreactive thymus and activation-
regulated chemokine expression in the bron-
chial biopsies from asthmatics. Allergy 60:
317–22

Magnus IA, Thompson RH (1956) Cholinesterase
levels in the skin in cholinogenic urticaria and
pruritus. Br J Dermatol 68:283–9

Nakazato Y, Tamura N, Ohkuma A et al. (2004)
Idiopathic pure sudomotor failure: anhidrosis

due to deficits in cholinergic transmission.
Neurology 63:1476–80

Pype JL, Dupont LJ, Menten P et al. (1999)
Expression of monocyte chemotactic protein
(MCP)-1, MCP-2, and MCP-3 by human air-
way smooth-muscle cells. Modulation by
corticosteroids and T-helper 2 cytokines. Am
J Respir Cell Mol Biol 21:528–36

Sawada Y, Nakamura M, Bito T et al. (2010)
Cholinergic urticaria: studies on the muscari-
nic cholinergic receptor M3 in anhidrotic and
hypohidrotic skin. J Invest Dermatol
130:2683–6

Takahagi S, Tanaka T, Ishii K et al. (2008) Sweat
antigen induces histamine release from
basophils of patients with cholinergic
urticaria associated with atopic diathesis.
Br J Dermatol 160:426–8

Takahashi K, Soda R, Kishimoto T et al. (1992) The
reactivity of dispersed human lung mast cells
and peripheral blood basophils to acetylcho-
line. Arerugi 41:686–92

Tsunemi Y, Saeki H, Nakamura K et al. (2006)
CCL17 transgenic mice show an enhanced
Th2-type response to both allergic and
non-allergic stimuli. Eur J Immunol 36:
2116–27

Mouse Alopecia Areata and Heart Disease: Know Your
Mouse!
Journal of Investigative Dermatology (2014) 134, 279–281; doi:10.1038/jid.2013.273; published online 18 July 2013

TO THE EDITOR
The proceedings of a recent meeting on
alopecia areata (AA) (Bertolini et al.,
2012) summarized work using the
surgically induced C3H/HeJ mouse
model for AA (McElwee et al., 1998;
Wang et al., 2013), in which the investi-
gators found enlarged hearts in affected
mice, suggesting an association between
AA and cardiac findings. However, the
heart lesions described are a well-known
strain-specific disease not limited to C3H
substrains. These lesions have been
described by a number of names includ-
ing epicardial mineralization with fibrosis
and dystrophic cardiac calcinosis (Eaton
et al., 1978; Frith and Ward, 1988).
Crosses between C3H/HeJ and C57BL/6J
mice have identified four quantitative
trait loci (QTLs), designated as dystro-

phic cardiac calcinosis 1–4 (Dyscalc1–
4; Ivandic et al., 2001). Mapping to
mouse Chromosome 7 (Ivandic et al.,
1996), Dyscalc1 was subsequently
identified as being due to non-synony-
mous single-nucleotide polymorphisms
in the ATP-binding cassette, subfamily C
(CFTR/MRP), member 6 (Abcc6) gene
(Meng et al., 2007; Aherrahrou et al.,
2008). Mutations in the human ABCC6
gene and targeted mutations in the mouse
Abcc6 gene produce pseudoxanthoma
elasticum (PXE) (Gorgels et al., 2005;
Klement et al., 2005), a systemic meta-
bolic disease with cutaneous features
distinct from AA (Uitto et al., 2010).

In a massive histopathological screen-
ing of all organ systems in 31 inbred
strains of mice of both genders, dys-
trophic cardiac calcinosis was

diagnosed in eight strains (Berndt
et al., in preparation; Sundberg et al.,
2011). C3H/HeJ and A/J strains were
found to develop both heart lesions
(Chase et al., 2009) and AA (McElwee
et al., 1999) in the aging study, although
in both cases more mice with normal
skin had heart lesions than those with
AA (Table 1a). Three strains were found
to develop histologically confirmed AA
(MRL/MpJ, SJL/J, and SWR/J), but none of
these mice had any type of heart lesion.
No correlation was found in a retired
breeder study (Table 1b) (Berndt et al., in
preparation) or in a large mouse cross
(C3H/HeJ � C57BL/6J, C3B6F2;
Table 1c) generating F2 females for
identifying AA eQTLs. Heart lesions
varied in severity and location between
the strains (Berndt et al., in prepara-
tion). Genome-wide association map-
ping determined that none of the QTLs
for dystrophic cardiac calcinosis corre-
sponded to genomic regions identified
to determine AA.Accepted article preview online 17 June 2013; published online 18 July 2013

Abbreviations: AA, alopecia areata; Abcc6 (mouse gene), ABCC6 (human gene), ATP-binding cassette
subfamily C, member 6, gene; Dyscalc1–4, dystrophic cardiac calcinosis 1–4; PXE, pseudoxanthoma
elasticum; QTL, quantitative trait loci
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Although it is easy to see clinical
correlations between seemingly unre-
lated diseases in small numbers of mice
undergoing experimental manipulation,
it is critically important to understand
strain-specific background lesions. The
mineralization and fibrosis phenomena
among the inbred strains associated with
PXE-like diseases are very complicated.
Some are related to each other, whereas
others are not. The underlying genetic
predisposition can be modified by the
genes involved in other diseases. Such
appears to be the case for Abcc6 and PXE
(Berndt et al., 2013). As the complex
genetics of AA in humans and mice con-
tinues to be refined, it is possible that
some of the genes involved in develop-
ment of heart lesions may overlap with
those that determine AA, but with

technologies currently available using
large populations of mice it appears that
cardiac mineralization and fibrosis
phenotypes are not correlated with AA.
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Table 1. Lack of correlation between histologically confirmed alopecia
areata and DCC in 31 inbred strains

(a) An aging histopathology study1

Total mice 12 and
20 months and

moribund groups Alopecia areata DCC Normal skin DCC

Strain F M F M F M F M F M

A/J 51 46 0 1 0 0 51 45 23 8

C3H/HeJ 28 29 7 3 0 0 21 26 1 3

MRL/MpJ 41 31 2 0 0 0 39 31 0 0

SJL/J 36 10 2 0 0 0 34 10 0 0

SWR/J 24 18 6 0 0 0 18 18 0 0

Total 180 134 17 4 0 0 163 130 24 11

(b) Evaluation of hearts in retired breeders2

Total
Alopecia
areata DCC Total

Alopecia
areata DCC

Strain F M F M F M Strain F M F M F M

A/J 10 10 0 0 9 10 DBA/2J 10 10 0 0 10 10

BALB/cJ 10 10 0 0 9 10 FVB/NJ 10 10 0 0 0 0

BALB/cByJ 10 10 0 0 8 10 KK/HlJ 10 10 0 0 10 9

C3H/HeJ 10 10 0 0 10 6 LP/J 10 10 0 0 0 0

C57BL/6J 10 10 0 0 0 1 PWD/PhJ 10 10 0 0 0 0

C57BL/10J 10 10 0 0 7 10 SWR/J 10 10 0 0 0 0

Total 60 60 0 0 43 47 Total 60 60 0 0 20 19

(c) An F2 hybrid study for mapping quantitative trait loci for alopecia areata3

Strain Age range (days) Gender Alopecia areata DCC Normal skin DCC

C3B6F2 195–605 F 191 1 145 4

Abbreviations: DCC, dystrophic cardiac calcinosis; F, Female; M, male.
1There was no correlation between alopecia areata and heart lesions in mouse strains in the 31 strain
aging study.
2Alopecia areata was not diagnosed in any of the strains in the retired breeder survey.
3There was no correlation between alopecia areata and heart disease in an F2 hybrid cross used to
investigate the genetics of these diseases (P-value¼ 0.651 using a Fisher exact test).
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