
In September 2016, we launched “ASTALIFT Moist Lotion,” which is a renewed, high-functionality skin lotion of the ASTA-
LIFT skin care series aimed at anti-aging skin care. Quantitative and qualitative changes in the dermal collagen contribute to 
wrinkle formation in photoaged skin. Collagenase, which is induced by ultraviolet rays, is capable of degrading fi brillar colla-
gens into distinctive 3/4 and 1/4 fragments. These collagen fragments have been reported to be incorporated into fi broblasts via 
the receptor protein Endo180. Therefore, Endo180 is presumed to play an important role in collagen turnover. In this study, we 
investigated the involvement of Endo180 in the uptake of fragmented collagen and searched for a material that would enhance 
Endo180 expression in the fi broblasts, which led us to “Retinol” (or Vitamin A). We then developed a nano-sized emulsion called 
“nano vitamin Ax,” which contains a retinol derivative and astaxanthin, and formulated it into ASTALIFT Moist Lotion.

Abstract

1.  Introduction

  In September 2016, we launched “ASTALIFT Moist 
Lotion”, a renewed high-functionality skin lotion in the 
functional cosmetic ASTALIFT series (Fig. 1).

  Many women have a trouble of reduced tension of the 
skin. This trouble is caused by reduction or degradation in 
dermis collagens due to aging or UV rays.

  Many measures to increase the production volume of 
collagens have been proposed to date, so as to fi ght against 
collagen decrease, but researches on measures against de-
graded collagen have not progressed well.

  We focused on accumulation of degraded collagens, 
or fragmented collagens, and their turnover mechanism in 
this study, aiming for “collagen regeneration”. This paper 
will elucidate functions of “Endo180”, a protein known 
as a collagen receptor, and report on the development of 
“nano vitamin Ax” that accelerates turnover of fragmented 
collagens.

2.  Fragmentation of dermis collagens

  Human skins are roughly classifi ed into three types, namely: 
“epidermis”, “dermis” and “hypodermis” in the order of the 
proximity to the skin surface. The dermis having a thickness 
several dozen times the epidermis gives resilience to the skin, 
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Fig. 1　The newly developed “ASTLIFT Moist Lotion”

so the degradation of the dermis function is related to aging 
phenomena, such as wrinkles and laxity.

  The dermis mainly consists of fi ber components, differ-
ent from the epidermis having many cell components. The 
majority of fi bers consist of collagen, which accounts for 
over 70% of the dermis dry weight1). As a result of actual 
observation of the human skin using a scanning electron 
microscope, we confi rmed developed collagen fi bers in the 
dermis (Fig. 2).
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  It has been well known that dermis collagens are quanti-
tatively and qualitatively affected by aging or photo-aging. 
As a result, many conventional approaches of activating 
fi broblasts in charge of producing collagens have been pro-
posed to fi ght against decrease in the quantity of collagens by 
improving collagen generation.

  On the other hand, a qualitative change or degradation of 
collagens is caused by activation of collagenases induced by 
ultraviolet rays or infl ammation, and their enzyme activities 
decompose collagen molecules into two types of fragments: 
3/4-length and 1/4-length fragments. Collagen fi bers, aggre-
gations of many collagen molecules, are also decomposed, 
resulting in decrease in fi ber diameters and partial ruptures. 
It has been reported that such “fragmented collagens” are 
accumulated in the dermis of the photo-aged skin2).

  For the effect of such “fragmented collagens”, it was re-
ported that the collagen synthetic ability of cells is decreased 
compared to untreated normal collagens, as a result of cultur-
ing fi broblast in collagens3). This means that accumulation of 
“fragmented collagens” inhibits generation of new collagens 
in fi broblasts.

  In fact, it was observed that the diameters of collagen 
fi bers restructured in vitro were decreased by activities of 

Matrix metalloproteinase-1 (MMP-1), a type of collagenase 
(Fig. 3). We also confi rmed that the dermis where normal col-
lagens (green, Type I collagens) account for the majority also 
have fragmented collagens (red; 3/4-length collagen) in a 
wide range  after the observation of the immunofl uorescence 
stained skin of 70-year-old woman’s face (Fig. 4).

  Is it possible to eliminate such “fragmented collagens” 
which are accumulated in the dermis and prevent collagen 
generation? Toward that end, we focused on “Endo180”, a 
protein known as a collagen receptor.

3.  Collagen turnover through Endo180

  Cells have a mechanism named “endocytosis” that engulfs 
extracellular substances. Fragmented collagens are engulfed 
into fi broblasts by this mechanism, and decomposed later. It 
is reported that a membrane protein called Endo180 (uPARAP, 
MRC2, CD280) recognizes fragmented collagens during this 
engulfi ng process4).

  Based on these facts, Endo180 is considered to be involved 
in regeneration of collagens damaged by ultraviolet rays, but 
it is also reported that Endo180 itself decreases due to photo-
aging2).

Fig. 2　SEM images of a cross-section of human skin

Fig. 3　SEM images of type-1 collagen gels with (a) no treatment 
and (b) collagenase treatment

Fig. 4　Microscopic image of a cross-section of human skin stained for 
collagen fragments (red) and type-1 collagen (green)
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  We therefore studied a turnover mechanism of collagens 
through Endo180 (Fig. 5).

3.1  Engulfi ng fragmented collagens by Endo180
  We used Type I collagens derived from pig’s tendon to 

prepare fragmented collagens. After cutting and treating 
collagens using Recombinant Human MMP-1 at room tem-
perature for 14 days, we separated them into 3/4-length and 
1/4-length collagen gels with the SDS-PAGE, and extract 
and purifi ed them (Fig. 6). Fragmented collagens were 
fl uorescent-labeled using the Alexa488 labeling reagent. 
Endo180 expression in human fi broblasts was inhibited by 
the siRNA treatment.

  After adding purifi ed, fl uorescent-labeled fragmented 
collagens (of 3/4-length) to the culture medium, we ob-
served the phagocytosis of them by fi broblasts. Also engulf-

ing of fragmented collagens was remarkably inhibited by 
knockdown of Endo180 (Fig. 7). Such tendency was also ob-
served in 1/4-length fragmented collagens (Data not shown). 
We performed a similar experiment for proteins other than 
collagens (fi brinogen, tripsin-inhibiter, etc.), but found no 
difference in engulfed amount in cells (Fig. 8). These results 
indicate that Endo180 has a role of specifi cally recognizing 
fragmented collagens and engulfi ng them in cells.

3.2  Endo180 and collagen synthesis
  To further study the functions of Endo180 in more details, 

we evaluated the effect on the collagen synthetic ability. 
From the results of measuring mRNA expression in Types I, 
III, IV, V, and VII collagens known to be present in the skin, 
we found that expressions of Types I, III and VII collagens 
decrease in fi broblasts where Endo180 was knocked down 
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Fig. 5　Collagen fragments and Endo180

Fragmented collagen
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Fig. 6　Preparation of collagen fragments

Fig. 7　Endo180-dependent uptake of collagen fragments
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Fig. 8　Endo180-independent uptake of fl uorescent-labeled proteins

FUJIFILM RESEARCH & DEVELOPMENT (No.62-2017) 73



(Fig. 9). Based on the results, it was revealed that Endo180 
expression is involved not only in engulfi ng of fragmented 
collagens, but also in synthesis of new collagens.

4.  Enhancing Endo180 expression by retinol

  These verifi cations indicated that recovery of Endo180 
decreased by photo-aging plays an important role in collagen 
turnover. Therefore, we searched for ingredients so that we 
could apply this protein to skincare products, and found that 
retinol (or vitamin A) has an activity to enhance Endo180 
expression. We also found that this activity is synergistically 
increased by simultaneously adding retinol and collagen 
peptide, known as a cosmetic material (Fig. 10).

5.  Development of proprietary ingredient “nano 
vitamin Ax”

  To make utmost use of retinol’s effect, we focused on a 
derivative named “palmitic acid retinol” that is transformed 
after penetrated into the skin. At the same time, we also 
reviewed on incorporating astaxanthin that inhibits genera-
tion of fragmented collagens with its anti-oxidant effect. As 

a result, we fi nally succeeded in the development of “nano 
vitamin Ax”, a nano-sized emulsion with the size of 50 nm, 
thereby enabling to incorporate it to “Moist Lotion” (Fig. 11).

6.  Skin improvement effect of “Moist Lotion”

  To confi rm the effect of “Moist Lotion” containing 
“nano vitamin Ax” that promotes turnover of collagens in 
fi broblasts on the skin condition, we performed a 4-week 
continuous use test with 29 healthy Japanese women from 
whom we could obtain approval in writing. The subjects 
had used an appropriate amount of this lotion twice a day, in 
morning and night after face-washing or taking a bath, and 
we measured the moisture content in the horny cell layer 
at the cheek of each subject with the Corneometer, and vis-
coelasticity with the Cutometer (both equipment made by 
Courage+Khazaka) before and after the continuous use.

  As a result, we found that the moisture content of the 
horny cell layer increased by about 5 from the mean value 
of 54, while the R6 parameter of the viscoelasticity (the less 
the value is, the less the viscoelasticity, which means less 
the laxity) decreased by about 0.06 from the mean value 
of 0.42. We therefore confi rmed the skin improving effect 
from continuous use of “Moist Lotion” (Fig. 12).
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Fig. 9　Endo180 regulates the mRNA expression of several types of 
collagen
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Fig. 11　TEM images of “nano vitamin Ax,” which contains a retinol 
derivative and astaxanthin
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Fig. 12　Changes in the (a) water content (b) viscoelasticity of the skin
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7.  Conclusion

  In this study, we focused “fragmented collagens” accumu-
lated in the skin due to photo-aging or aging, and have pro-
ceeded with the research related to “Endo180”, a protein 
in charge of turnover of fragmented collagens. Through 
the study, we were able to obtain new findings related to 
turnover of collagens, such as engulfing of fragmented 
collagens dependent on Endo180 in fibroblasts, as well 
as observation of actual fragmented collagens existing in 
the human skin. We were also able to find an Endo180 
expression enhancing effect of retinol as an ingredient to 
promote turnover of collagens. Moreover, we developed 
“nano vitamin Ax” combined an anti-oxidant astaxanthin 
preventing collagen decomposition and a retinol inducer, 
incorporate it into “Moist Lotion”, and demonstrated the 
skin improving effect of the product.

  Applying collagen research results accumulated in the 
photography field to skincare products is an approach only 
FUJIFILM can achieve. We would like to develop new 
cosmetic products further in the future, fully leveraging 
our proprietary technology.
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Trademarks

・“ASTALIFT” and “nano vitamin Ax” are registered trademarks 
or trademarks of FUJIFILM Corporation.

・Any other company names or system and product names referred 
to in this paper are generally their own trade names, registered 
trademarks or trademarks of respective companies.
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