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Abstract
Photoaging and intrinsic aging of the skin results from collagen degradation in the dermis by matrix metalloproteinases 

(MMPs), but photoaging differs from intrinsic aging due to the obvious emergence of skin wrinkles. It could be thought that 
photoaging is increased by intrinsic aging because its signs are expressed suddenly in the dermis of advanced intrinsically 
aged skin. In this study, we constructed a 3D photoaged model of the dermis using collagen-embedded senescent fibroblasts 
and analyzed collagen degradation and plasmin activity, because we had found that plasmin derived from fibroblasts acti-
vates MMP-1. Senescent fibroblasts had increased levels of plasmin activity in a non-irradiated 3D model and had increased 
degradation of collagen following exposure of the 3D model to ultraviolet (UV)-A radiation. Moreover, it was found that 
prostaglandin E2 (PGE2) increased plasmin levels in normal fibroblasts and the increase of plasmin in senescent fibroblasts 
was reduced by treatment with the PGE2 inhibitor NS398. Treatment with tranexamic acid, plasmin or NS398 reduced col-
lagen degradation in the 3D photoaged model. These results suggest that the increased level of plasmin in the 3D senescent 
fibroblast model depends on the expression of PGE2. Our study suggests that intrinsic aging increases photoaging in a plas-
min- and PGE2-dependent manner and that tranexamic acid prevents photoaging especially in aged dermis.
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1. Introduction

Ultraviolet (UV)-A radiation reaches deep into the dermis 
and causes collagen degradation that leads to photoaging 
of the skin, which is distinct from intrinsic aging. Photoag-
ing is marked by the emergence of obvious wrinkles in the 
skin and mainly involves the degradation of the extracellular 
matrix (ECM) in the dermis. Both photoaging and intrinsic 
aging result from collagen degradation by matrix metallopro-
teinases (MMPs), but there are some histological differences 
between them, for example flattened dermal-epidermal junc-
tions in photoaged skin1, 2). We consider that photoaging may 
be increased by intrinsic aging since the sun-exposed skin 
of young people does not usually have obvious wrinkles and 
signs of photoaging are expressed suddenly in advanced aged 
dermis.

MMP-1 is one of the most important collagen-degrading 
enzymes produced by fibroblasts in the dermis. It has been 
reported that the expression of MMP-1 is induced by UV-A 
irradiation3), that its activity is increased in aged dermis4) 
and that the expression of MMP-1 is increased in senescent 
fibroblasts5). On the other hand, MMPs cannot act on collagen 
without being activated by proteinases and the behavior of 

activator(s) of MMP-1 in aged dermis and in fibroblasts has 
not been characterized. We previously reported that plasmin 
produced by fibroblasts is an activator of MMP-1 in the der-
mis using a 3D collagen model6). In intrinsically aged dermis, 
the level of prostaglandin E2 (PGE2) is increased and stimu-
lates the expression of several collagen degradation factors, 
including MMP-15, 7), but the behavior of activators of MMP-1 
during the aging process has not been reported.

In this study, we focused on plasmin as a factor that in-
creases the collagen degradation involved in skin aging be-
cause it has been suggested that plasmin is induced by PGE2 
in osteoblasts8), and it was reported that plasmin activity is in-
creased in the serum during the aging process9). The factor(s) 
involved in collagen degradation that increases not only 
in young photoaged skin but also in intrinsically aged skin 
might cause the difference between photoaging and intrinsic 
aging. We constructed a 3D photoaged dermal model using 
collagen-embedded fibroblasts to investigate the conditions of 
the lattices and plasmin in order to reveal differences between 
young or aged photoaging and intrinsic aging in the dermis.


