
Recently developed methods allowed IgE BP180 antibodies to be
easily detected in BP patients [8,9]. Considering that IgG and IgE
BP180 antibodies induce the different clinical symptoms, the
evaluation of both classes of the antibodies may be useful to
understand the treatment efficacy in relation to the individual
symptoms. Further studies are necessary to explain the detailed
mechanism underlying the induction of erythema by IgE BP180
antibodies.

Funding

This work was supported by a grant from the Ministry of Health,
Labour and Welfare (Research for Intractable Diseases), and a
Ministry of Education, Culture, Sports, Science and Technology.

References

[1] Nishie W. Update on the pathogenesis of bullous pemphigoid: an autoantibody-
mediated blistering disease targeting collagen XVII. J Dermatol Sci 2014;73:
179–86.

[2] Ishiura N, Fujimoto M, Watanabe R, Nakashima H, Kuwano Y, Yazawa N, et al.
Serum levels of IgE anti-BP180 and anti-BP230 autoantibodies in patients with
bullous pemphigoid. J Dermatol Sci 2008;49:153–61.

[3] Levy-Sitbon C, Barbe C, Plee J, Goeldel AL, Antonicelli F, Reguiai Z, et al.
Assessment of bullous pemphigoid disease area index during treatment: a
prospective study of 30 patients. Dermatology 2014;229:116–22.

[4] Iwata Y, Komura K, Kodera M, Usuda T, Yokoyama Y, Hara T, et al. Correlation of
IgE autoantibody to BP180 with a severe form of bullous pemphigoid. Arch
Dermatol 2008;144:41–8.

[5] Nishie W, Sawamura D, Goto M, Ito K, Shibaki A, McMillan JR, et al. Humaniza-
tion of autoantigen. Nat Med 2007;13:378–83.

[6] Fairley JA, Burnett CT, Fu CL, Larson DL, Fleming MG, Giudice GJ. A pathogenic
role for IgE in autoimmunity: bullous pemphigoid IgE reproduces the early
phase of lesion development in human skin grafted to nu/nu mice. J Invest
Dermatol 2007;127:2605–11.

[7] Yu KK, Crew AB, Messingham KA, Fairley JA, Woodley DT. Omalizumab therapy
for bullous pemphigoid. J Am Acad Dermatol 2014;71:468–74.

[8] Pomponi D, Di Zenzo G, Zennaro D, Calabresi V, Eming R, Zuzzi S, et al. Detection
of IgG and IgE reactivity to BP180 using the ISAC(R) microarray system. Br J
Dermatol 2013;168:1205–14.

[9] Messingham KA, Noe MH, Chapman MA, Giudice GJ, Fairley JA. A novel ELISA
reveals high frequencies of BP180-specific IgE production in bullous pemphi-
goid. J Immunol Methods 2009;346:18–25.

Koji Kamiyaa,b,
*, Yumi Aoyamab, Kazuyo Nodab, Tomoko Miyakeb,

Mari Yamaguchib, Toshihisa Hamadab, Yoshiki Tokuraa,
Keiji Iwatsukib

aDepartment of Dermatology, Hamamatsu University School of

Medicine, Hamamatsu, Japan;
bDepartment of Dermatology, Okayama University Graduate School of

Medicine, Dentistry and Pharmaceutical Sciences, Okayama, Japan

*Corresponding author. Tel.: +81 53 435 2303;
fax: +81 53 435 2368
E-mail address: m01023kk@jichi.ac.jp (K. Kamiya).

Received 3, February 2015
Revised 12, February, 2015
Accepted 18, February 2015

http://dx.doi.org/10.1016/j.jdermsci.2015.02.009

Letter to the Editor

A mouse model of skin aging: Fragmentation of
dermal collagen fibrils and reduced fibroblast
spreading due to expression of human matrix
metalloproteinase-1

Dear Editor,

Fragmentation of dermal collagen fibrils, the major structural
proteins in skin, is a prominent feature of human skin aging
[1,2]. Elevated collagenase (MMP-1) is largely responsible for
initiation of collagen fragmentation in aging human skin
[1,3,4]. We previously reported that expression of mutant human
MMP-1 (hMMP-1/V94G), which undergoes auto-activation in
either young human skin in organ culture or fibroblasts cultured
in 3D collagen lattices, causes collagen fibril fragmentation similar
to that in aged human skin [5].

To further explore MMP-1 function in skin aging, we generated
transgenic mice that express mutant auto-activating human
hMMP-1/V94G, under control of an epithelial-specific keratin-5
promoter [6]. hMMP-1/V94G contains a valine to glycine
mutation at amino acid 94 within the N-terminal inhibitory
domain. This mutation alters the interaction between the
inhibitory and catalytic domains, thereby allowing auto-cleavage
of the inhibitory domain. The cleaved N-terminal is released
thereby converting full length 54 kDa MMP-1 to 44 kDa catalyti-
cally active form [5].

Fig. 1A shows immunostaining of hMMP-1/V94G in the
epidermis of transgenic mice (K5-hMMP-1/V94GTg). Immuno-
staining in non-transgenic (non-Tg) littermate mice skin was
negative. As expected, hMMP-1/V94G mRNA was readily detected
in skin of K5-hMMP-1/V94GTg mice, but absent in non-Tg
littermate mice skin (Fig. 1B). Western blot analysis revealed
the presence of both full length and cleaved active forms of hMMP-
1/V94G, at the expected molecular weights of 54 kDa and 44 kDa,
respectively, in K5-hMMP-1/V94GTg mice skin (Fig. 1C). Full
length hMMP-1/V94G was the predominant form of the protein.
The relative low level of cleaved hMMP-1/V94G may have been
due to a relatively high rate of turnover, or reflect inefficient
conversion. In vitro, cleaved hMMP-1/V94G undergoes further
degradation [5], suggesting that the former possibility is more
likely.

Skin of seven months old K5-hMMP-1/V94GTg mice had
normal gross appearance (data not shown). However, Masson’s
trichrome staining of skin sections revealed reduced density and
disorganization of collagen fibrils (Fig. 1D), compared to non-Tg
littermate mice skin.

Atomic force microscopy (AFM) was used to assess nanoscale
structure of dermal collagen fibrils [7]. Collagen fibrils in non-Tg
littermate mice skin were intact, densely packed and well-
organized (Fig. 2A, upper left panel). Characteristic D-band
striations, representing periodic alignment of microfibrils that
assemble to form larger fibrils, were readily apparent. Collagen
fibrils in non-Tg littermate mice skin closely resemble collagen
fibrils in young human upper inner arm (underarm) skin (Fig. 2A,
lower left panel). In contrast, collagen fibrils in K5-hMMP-1/
V94GTg mice skin were less densely packed, disorganized, and
appeared to be fragmented (Fig. 2A, upper right panel). These
alterations closely resemble disorganization and fragmentation
of collagen fibrils that are observed in aged human forearm skin
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(Fig. 2A, lower right panel). Quantitation of collagen fibril
organization, measured by analysis of AFM topographical
roughness data, indicated that dermal collagen fibrils were
significantly more disorganized in K5-hMMP-1/V94GTg mice,
compared to non-Tg control mice (87 � 12.8 nm vs 41 � 6.9 nm)
(Fig. 2B, upper panel). A similar degree of disorganization is
observed in aged human forearm skin, compared to young
underarm skin (77.6 � 15.6 nm vs 38.1 � 8.3 nm) (Fig. 2B, lower
panel).

Fibroblasts normally bind to intact collagen fibrils through
specific cell surface integrins. This binding allows fibroblasts to
spread and attain morphological and mechanical stability. Electron
microscopy revealed densely packed, intact collagen fibrils in non-
Tg littermate mice skin (Fig. 2C, upper left panel). Fibroblasts were
in intimate contact with these fibrils and displayed spread
morphology with abundant cytoplasm (Fig. 2C, lower left panel).
In contrast, collagen fibrils were sparse and disorganized in K5-
hMMP-1/V94GTg mice skin (Fig. 2C, upper right panel). Fibroblasts

Fig. 1. Expression of human auto-activated MMP-1V94G in mouse skin alters dermal collagen fibrils. Full thickness skin biopsies were obtained from seven months old K5-

hMMP-1/V94GTg transgenic (hMMP-1Tg) and non-transgenic littermates (non-Tg) mice. (A) Immunofluorescence staining of human MMP-1 (reddish fluorescence, MMP-1

antibody, Cat# ab38929, Abcam, Cambridge, MA, USA). Nuclei are stained with DAPI (blue fluorescence). White lines indicate the boundary between the epidermis (top) and

dermis (bottom). Figures show representative images. N = 6. Bar = 100 mm. (B) MMP-1 mRNA levels. Human MMP-1 mRNA was determined by real-time RT-PCR and

normalized to housekeeping gene (36B4, internal control). Data are means � SEM. N = 10, *p < 0.001. (C) Human MMP-1 protein expression. Representative Western blot shows

full length (FL) and processed (Proc) human MMP-1. Immunoblotting of keratin 5 (K5) was used as loading control. Data are means � SEM. N = 3, *p < 0.001. (D) Masson’s trichrome

staining, representative images. N = 6. Bar = 100 mm.
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