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Low molecular weight soybean peptide (LSP) was iadplo normal human
epidermal keratinocytes (NHEK), and the resultswaw a significant increase in the
gene expression levels of involucrin, transglutaase and profilaggrin. Filaggrin
protein levels were also significantly higher.dipgossible that LSP has an epidermal cell
differentiation-promoting effect and may be able regulate metabolism of the

epidermis.
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The skin is composed of the epidermis and dermish wpidermis being
subdivided into the stratum corneum, the granwageli, the spinous layer and the basal
layer, in order from the surface. Basal layer keaatytes proliferate and differentiate by
changing their morphology into cells that form eadhthese layers, finally becoming
the enucleated corneocytes of the stratum cornéumnoutermost layer of the stratum
corneum then becomes dead skin and falls off. if@ener of basal cell differentiation
is how the skin is metabolized and renewed. Théffeneintiated keratinocytes found in
the basal layer produce keratin 5 (K5), which haaadecular weight of 58 kDa, and
keratin 14 (K14). The stratum spinosum layer is posed of five to ten layers of
spinous cells. Like the stratum basal layer, kerBitament expression can be observed,
but with pairing of keratin 1 (K1), which has a mollar weight of 67 kDa, and keratin
10 (K10), which has a molecular weight of 56.5 Kbt addition, there is expression
of involucrin, an envelope protein rich in glutamiand lysiné=® The stratum granular
layer is composed of two or three layers of gramelés, and undergoes when flattening
compared with spinous cells. Loricrin, which is guced by the granule cefl§) is
crosslinked with involucrin by enzymes such asdgiumaminase to form the marginal
zone of the stratum cornelfrinside the granule cells, there are keratohyalimgles,
which include large amounts of profilaggrin, a preor of filaggrin®® Filaggrin is
broken down in the stratum corneum into amino gcidés also known as natural
moisturizing factor (NMF), as it has a moistureergton functior”’ The stratum
corneum is composed of about 15 layers of cornesgcytvhich are dead cells
(corneocytes) that have been enucleated. The nahrgime described above is stable
with respect to physical and chemical stimuli, @andargely responsible for the skin’s
barrier function’*? Because of this release of specific proteins dukiaratinocyte
differentiation, measuring these proteins makeogsible to estimate the extent of cell
differentiation.

Soybean peptide (SP) is broken-down soybean proldia average molecular

weight of SP is about 3 to 10 kDa, and it is chizmamwed as having a high glutamic acid
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content. Reported actions of SP include a cholelstenibitory effect'® a weight loss

effect’® an anti-fatigue effet? and an antihypertensive effé&.Low molecular
weight SP (LSP), which is SP that has been furtireken down, has an average
molecular weight of about 500 to 1,000 Da; like $Phas a high glutamic acid
content:” About 60% of LSP is dipeptides and tripeptides] imas been reported that
di- and tripeptides are absorbed in the small timesand elsewhere without being
broken downt® In the cosmetics field, we have previously repbise LSP’s collagen
production-promoting effects in fibroblast céflsand its effect in improving stratum
corneum moisture, transepidermal water loss (TEWBphd viscoelasticity in
UVA-irradiated hairless micE In this manuscript, to establish how LSP affects
keratinocyte differentiation, an important functiomskin physiology, we applied LSP
to keratinocytes and examined the gene expressivglsl of differentiation markers
over time by quantitative real-time PCR, and exadirprotein levels by Western
blotting.

LSP was kindly provided by Fuji Oil Co., Ltd. (NUTE AM; Osaka, Japan).
The LSP used contains large amounts of asparticaaa glutamic acid, and contained
numerous substances with a molecular weight of @660 to 1,000 Da'” Normal
human epidermal keratinocytes (NHEK) were purchakedch Biopredic (Rennes,
France). NHEK were cultured in HuMedia-KG2 obtairiezin Kurabo (Osaka, Japan),
and were seeded (2.0 x 1@ells/dish) into 60-mm dishes. After culture foddy, cells
were treated with a final concentration of 0.1 plg/bSP for 1, 3 or 9 days. mRNA
expression was assayed by real-time PCR. Total Rid# isolated using RNAiso Plus
(Takara Bio, Shiga, Japan) and purified with anmScript® RT reagent Kit (Takara
Bio). cDNA was generated using a SYBR® Premix ExjY'a(Takara Bio). Primer
sequences were as follows: GAPDH forward, 5 -GAATERAAGGTCGGAGT- 3,
and reverse, 5 -GAAGATGGTGATGGGATTTC- 3, K5 forwdy 5
-GAGCTGAGAAACATGCAGGA- 3, and reverse, S
-TCTCAGCAGTGGTACGCTTG- 3’; K10 forward, 5



-CCATCGATGACCTTAAAAATCAG- 3, and reverse, 5

-GCAGAGCTACCTCATTCTCATACTT- 3’ involucrin forward, 5
-TGCCTGAGCAAGAATGTGAG- 3, and reverse, S
-TTCCTCATGCTGTTCCCAGT- 3 profilaggrin forward, 5
-CCATCATGGATCTGCGTGG- 3, and reverse, 5
-CACGAGAGGAAGTCTCTGCGT- 3’ TGase forward, 5
-TCTTCAAGAACCCCCTTCCC- 3, and reverse, 5

-TCTGTAACCCAGAGCCTTCGA- 3. Real-time PCR was perfted using the ABI
PRISM® 7500 Real-Time PCR system (Applied Biosysiei@arlsbad, CA, USA).
Protein levels were assayed by Western blottingEKkvere washed and subsequently
dissolved in lysis buffer solution (62.5 mM Tris-H@% SDS, 10% glycerol, 1 mM
phenylmethylsulfonyl fluoride, and 1 mM sodium atanadate). Samples were then
run on 10% SDS-PAGE gels, blotted on polyvinylidediuoride membranes, and
immunodetected with antibodies against K10, invotydilaggrin andB-actin, and with
secondary anti-rabbit IgG-HRP-labeled antibodiestebtion was performed using a
Lumino image analyzer LAS-1000 plus (Fujifilm Caqrppokyo, Japan). Analysis was
carried out with a MultiGauge (Fujifilm Corp., To&yJapan).

The effects of LSP on viable cell number count wergsessed among
keratinocytes. To keratinocytes, 0.1 pg/mL LSP wdded and viable cell number
counts after 24 and 72 h of culture were obtaingdrypan blue staining. The results
showed that adding LSP did not change cell praltfen or viable cell number (data not
shown). To keratinocytes, 0.1 pg/mL LSP was adadedgene expression levels for K5,

K10, involucrin, profilaggrin and transglutaminasere measured by real-time PCR on

the 1st, 3rd and 9th days. The data of gene expressvels were conducted using

Fig.1

Tukey’'s multiple statistical tests. The results refative quantification where gene
expression levels with no SP of 1st day (1st dayrod) are “1” showed no changes in
gene expression levels for K5 and K10 on the IstaBd 9th days after LSP was added

(Fig. 1A and B). Gene expression levels for invaluon the 9th day after LSP was
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added, however, significant increased to 1.29-fp#®.05) that of the control on the 9th
day (Fig.1C). Gene expression levels for profilaggnd for transglutaminase showed
significant increases at about 1.73-fgiek@.01) and about 1.61-folg<€0.01) that of the

control on the 9th day, respectively (Fig. 1D afg).Dn the other hand, there were no
changes in gene expression levels for involucniofilpggrin and transglutaminase on
the 1st and 3rd days after addition of LSP. To tkeoaytes, 0.1 pg/mL LSP was added

and protein levels for filaggrin after the 9th dagre measured by Western blotting.

The data of protein levels of filaggrin was coneuactising Student’s t-test. The resul

Fig.2

of relative quantification where gene expressiaelle with no SP were “1” showed thar
protein levels for filaggrin on the 9th day afteé8® was added had increased by 2.3-fold
(p<0.01).

This manuscript examined the effects of LSP oredfitiation marker expression
in epidermal cells. We examined the effects ondifiérentiation among keratinocytes.
LSP (0.1 pg/mL) was added to epidermal cells andegexpression levels for
differentiation markers after the 1st, 3rd and @lys of culture were measured. In this
manuscript, we applied and examined @d/mL LCP, which increased a gene
expression of COL1A1 for skin cells in a previousdy!” The results showed that
gene expression levels for all differentiation neskremained unchanged on the 1st
and 3rd days after LSP was added (Fig. 1). Nines @dter LSP was added, however,
the gene expression levels for involucrin, a latéeentiation marker, showed an
increase (Fig. 1C), while gene expression leveispfofilaggrin and TGase showed
significant increases (Fig. 1D and 1E). Proteinelsvfor filaggrin also increased
significantly (Fig. 2). No changes in cell numbeused by LSP were observed (data
not shown), for which LSP is believed to have aieqnal differentiation-promoting
effect. It is possible that LSP maintains the bedabetween ceramide, NMF and the
like by activating turnover of the epidermis. AsR.8lid not have an effect on cell
proliferation, it was assumed to only affect ceffedentiation. Calcium, retinoic acid,

vitamin D and other substances have been repastpdotnote differentiation, but LSP
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contains none of these. LSP itself was thereforsuraed to have induced
differentiation.

At present, glutamine receptors, which are trartsperof the amino acids
glutamine and glutamic acid, are understood tocaftéfferentiatior®™ One of the
characteristics of LSP is its high glutamic acichtemt. It is thus possible that the
glutamic acid present in LSP affects differentiatitn the reports given above, however,
differentiation was inhibited by glutamic acid, égontrast to our results here. It is not
known whether LSP acts as an amino acid or as tidpejn addition, the mechanisms
by which epidermal cell differentiation are pronwt@ust be elucidated, and because
0.1 pg/mL LSP was added in this experiment, whiab previously exhibited a type-I
collagen production-promoting effetd, it is possible this effect was not observed. In
the future, its usefulness as a cosmetic ingredibould be elucidated by examining
additive concentrations or examining the use ofnanacid mixtures formulated with
high molecular weight SP or LSP amino acid compmsst

In  conclusion, LSP has been shown to have an epalercell
differentiation-promoting effect. Together with th@romotion of type-l collagen
production and the improvement of skin in UVA-iriaed hairless mice, which we
have reported previously, LSP has the potentia¢gulate skin metabolism, and is thus

a material of great interest as a cosmetic additive
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Figure legends
Fig. 1. Effects of LSP on mRNA Expression Level of Diffetiating Gene in Normal
Human Keratinocytes.

NHEK cells were incubated with 0.1 pg/mL of R.®r medium (vehicle) and
gene expression levels for K5 (A), K10 (B), Invaiuc(C), Profilaggrin (D) and TGase
(E) genes expression were measured by real-timed?QRe 1st, 3rd and 9th days. The
results of relative quantification where gene egpi@n levels with no SP of 1st day
(control on the 1st day) are “1”. The mRNA levelsres normalized by dividing by the
quantity of GAPDH in each sample. Values are me&B:6f three experiments. p:.<
0.05, **: p < 0.01, : compared to the control on the 9th degup. The statistical

analysis was conducted using Tukey’s multiple stiafl tests.

Fig. 2. Effects of LSP on Filaggrin Protein Expression é&lewn Normal Human
Keratinocytes.

NHEK cells were incubated with 0.1 pg/mL or diwen (vehicle) and gene
expression levels for filaggrin protein expressis measured by Western blotting on
the 9th days. The results of relative quantifiaatichere protein expression levels with
no SP of 9th day (control on the 9th day) are "talues are meanst SD of three

experiments. *p < 0.05: compared to the control on the 9th dayd&tt's t-test.
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