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1 | INTRODUCTION

Summary

Background: The biological activities claimed for placental extract (PE) in its medical
and cosmetic applications are largely assumed to be the combined effects of its var-
ious signaling molecules and nutritional constituents. But there are considerable
uncertainties about this assumption.

Aims: To determine the specific biological activity of PE at a molecular level.
Methods: Fibroblast growth factor (FGF) activity was assessed based on the ability
to induce proliferation of FGF receptor (FGFR)-overexpressing BaF3 cells.

Results: Porcine PE (PPE), an ingredient in numerous cosmetics, activated prolifera-
tion of BaF3 cells overexpressing FGFR subtypes 1c, 2c, 2b, 3c, or 4, that is, all the
major FGFR subtypes. The effect was suppressed largely or partially when the cells
were treated with a FGFR inhibitor PD173074, and the FGFR-negative BaF3 parent
cells exhibited minimal growth promotion as compared to the FGFR-expressing
BaF3 cells. The high (>10 kDa) and low (<3 kDa) molecular weight fractions of PPE
were effective activators of FGFR signaling. PPE was found to contain sulfated gly-
cosaminoglycans, including heparin/heparan sulfate and chondroitin sulfate, which
serve as both structural stabilizers of FGFs and indispensable cofactors for
FGF-FGFR signaling.

Conclusions: These results indicate that PPE is capable of evoking FGF signaling in
cells via FGFRs. Given that recombinant FGFs have proven useful for medical/cos-
metic purposes, our results suggest that the medical/cosmetic utility of PPE is pro-
vided at least partly through the activation of FGF signaling in epidermal, dermal,

and subdermal tissues.
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individuals suffering from such symptoms as skin aging,® nonhealing
wounds,? contact hypersensitivity,® impaired liver function,* steato-

Over the course of human history, placental tissue has been con-
sumed or placental extract (PE) has been administered orally, topi-
cally, or through injection for nutritional, pharmaceutical, and
cosmetic purposes. For nearly a half-century, industrialized manufac-
turing of PE has provided numerous benefits, or so it appears, to
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hepatitis,> and menopausal disorder.® Although the effectiveness of
PE in some of these applications/indications may simply result from
supplementation of nonspecific components such as small peptides,’
nutritional amino acids, vitamins, and minerals, some may also result
from specific biological signaling. However, the latter possibility has
largely been unaddressed at a molecular level, in part because the

processes for manufacturing PE involve very harsh conditions such
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as protease digestion and heat treatment that would not be
expected to allow survival of polypeptide factors. These harsh manu-
facturing processes are considered important and are endorsed for
their potential to eliminate biohazardous substances in the placental
tissue.

Fibroblast growth factors (FGFs) are a large family of polypeptide
signaling molecules encoded in mammals by 22 different genes,?
many of which are expressed in placenta.” Most FGFs exert effects
at a cellular level by activating FGF receptor (FGFR) tyrosine kinases
in the cell membrane. Once activated, the receptor tyrosine kinases
affect numerous crucial processes at whole-body level, including
development, morphogenesis, angiogenesis, wound healing, neural
and brain function, and metabolism. Recently, recombinant FGF pro-
teins have been used as cosmetic ingredients and as drugs in cos-
metic plastic surgery. The FGFs promote wound healing by
stimulating proliferation of cells in the cutaneous system, increase
collagen biosynthesis in dermal fibroblasts, and regulate the hair
growth cycle by affecting the activity of various hair follicle cells.

In earlier reports, we showed that our cell-based system for
assaying FGF signaling is both specific and sensitive.'°12 This sys-
tem utilizes mouse proB BaF3 host cells, which do not endogenously
express any type of FGFR. Once transfected with an FGFR expres-
sion vector, the cells stably overexpressing FGFR (FGFR/BaF3 cells)
can be stimulated to proliferate via an endogenous signaling pathway
by treatment with cognate FGF ligands specific for the correspond-
ing FGFR subtype expressed by the cells.*®

2 | MATERIALS AND METHODS

2.1 | Reagents

Placental extract from porcine placenta (PPE) was obtained from
Japan Bio Products Co., Ltd. (Tokyo, Japan). Recombinant FGF1,
which is active with all FGFR subtypes, was prepared as described
previously.'® Heparin was obtained from Sigma-Aldrich Japan
(Tokyo, Japan). The FGFR inhibitors PD173074, carbazole and sulfu-

ric acid were purchased from Sigma-Aldrich Japan.

2.2 | Culture of BaF3 cells and cell proliferation
assay

BaF3 cells were originally obtained from the RIKEN BioResource Cen-
ter. Construction of stable BaF3 cell transfectants, each overexpressing
one of the FGFR subtypes, and analysis of FGF-induced DNA synthesis
were performed as previously described.'® Untreated and FGFR-over-
expressing BaF3 cells were routinely cultured in RPMI1640 medium
supplemented with 10% fetal bovine serum (FBS), 10% WEHI-3-condi-
tioned medium, 500 pg/mL G418, and 60 pg/mL kanamycin (growth
medium) at 37°C under 5% CO,. For experiments, cells were washed
once with RPMI1640 supplemented with 10% FBS (assay medium) and
plated into 96-well plates at a density of 2 x 10* cells/100 pL of assay
medium/well. PPE or FGF1 samples diluted in 2 uL of assay medium

were added to each well and cultured for 45 hours at 37°C. When

FGF1 was examined as a sample, heparin was included at a final con-
centration of 5 ug/mL. Thereafter, 10 uL of WST-8 reagent (Cell
Counting Kit-8; Chemical Dojin, Kumamoto, Japan) was added to each
well. After incubation for an additional 3 hours, absorbance at 450 nm

was measured using a microplate reader.

2.3 | Cellulose acetate membrane electrophoresis
of glycosaminoglycans (GAGs)

Porcine PE was pretreated with 25 units of benzonase endonuclease in
10 mmol/L Tris-HCI (pH 7.4) or in PBS (pH 7.4) before electrophoresis.
Both authentic GAG and the benzonase-digested PPE were resolved on
cellulose acetate membrane electrophoresis using buffer prepared by
mixing 3 volumes of 0.2 mol/L calcium acetate (pH 2.0) with 2 volumes
of ethylene glycol. At pH 2.0, there was efficient separation of sulfated
GAGs such as heparin/heparan sulfate and chondroitin sulfate from
hyaluronic acid, which is not sulfated. The samples were blotted onto
cellulose acetate membranes, and electrophoresis was conducted at
250 V/5 cm for 3.5 hours. After electrophoresis, the membranes were
stained for 5 minutes with 1% alcian blue in 5% acetate, and the devel-
oped GAG signals were photographed.

2.4 | Quantitation of sulfated glycosaminoglycans

For direct quantitation of GAGs, PPE samples were analyzed for their
uronic acid content, which is a common component of GAGs. Briefly,
PPE was treated with heparinase and/or chondroitinase ABC for
24 hours or left untreated, after which the medium-to-high MW
(MHMW) fraction (cutoff MW: 3 kDa) was isolated. Three milliliters of
sulfuric acid was then added to each 500-uL MHMW fraction, which
was then heated in boiling water for 20 minutes. To the resultant mix-
ture was added 200 pL of 0.1% carbazole in ethanol, and the mixture
was incubated for 2 hours at 30°C. Finally, the reaction product was
measured based on its optical absorbance at 530 nm. Authentic bovine
intestinal heparin was measured as the reference to obtain a standard
curve. In this way, the uronic acid contents corresponding to that in

heparin/heparan sulfate and chondroitin sulfate were determined.

2.5 | SDS-PAGE and western blotting

Laemmli SDS-PAGE was performed using 15% polyacrylamide gel as
previously described.’* Western blotting of FGF1 was performed
using a highly specific anti-FGF1 monoclonal antibody (mAb) as
previously described.**

2.6 | Assay for protection of FGF from trypsin
digestion by PPE or heparin

Recombinant FGF1 was mixed with a test sample, authentic heparin,
or PPE and then treated with trypsin for 30 minutes at 37°C, as pre-
viously described.® The resulting reaction mixture was analyzed for
the presence of intact FGF1 by Western blotting using the afore-
mentioned anti-FGF1 mAb.



ITO €T AL
3 | RESULTS
3.1 | PE activates cellular signaling through FGFRs

Although the growth-promoting activity of PE has been reported for
several cell types,>1¢ specific FGF signaling through the FGFR has
not been directly demonstrated. We showed in our earlier studies that
a modified BaF3 cell system, originally established to determine the
receptor specificity of physiological FGF ligands,*® is useful for study-
ing cellular signaling through FGFRs.1%12 Here, we used this system to
examine the biological activity of PPE in comparison with the activity
of FGF1, a universal FGF ligand for every subtype of FGFR. The parent
BaF3 cells only proliferate in response to their cognate growth factor,
interleukin-3, which is present in WEHI-3 cell-conditioned medium.
However, transfecting the cells with a FGFR enables them to prolifer-
ate in response to FGF ligands able to bind to the particular FGFR sub-
type expressed on the cell surface.® This reflects activation of an
endogenous signaling pathway for BaF3 cell proliferation, which is
triggered by the activation of the FGFR tyrosine kinase.!?

We therefore examined the growth-promoting activity of PPE or
FGF1 toward BaF3 cells overexpressing FGFR1c (FGFR1c/BaF3),
FGFR2c (FGFR2c/BaF3), FGFR2b (FGFR2b/BaF3), FGFR3c (FGFR3c/
BaF3), or FGFR4 (FGFR4/BaF3). When we measured cell numbers
using WST-8 reagent, based on absorbance at 450 nm, we found that
PPE strongly increased numbers of FGFR1c/BaF3 cells (Figure 1A,
filled circles), but not the wild-type BaF3 parent cells, which do not
express FGFRs (Figure 1A, open circles). The activity toward FGFR1c/
BaF3 cells of PPE was then compared with that of FGF1 (Figure 1B,
left panel and right panel, respectively; filled circles) by conducting
parallel experiments. It was shown that the maximum activity of PPE
toward these cells was approximately 30% of that of FGF1 (shown in
the vertical axis of Figure 1B, left panel). In the presence of the FGFR
inhibitor PD173074, the PPE-induced increase in cell number (Fig-
ure 1B, left panel, filled circles) was significantly reduced (Figure 1B,
left panel, open circles). The FGF1-induced increase in cell number
(Figure 1B, right panel, filled circles) was totally inhibited in the pres-
ence of PD173074 (Figure 1B, right panel, open circles).

Similarly, PPE increased numbers of FGFR2c/BaF3 (Figure 1C),
FGFR2b/BaF3 (Figure 1D), FGFR3c/BaF3 (Figure 1E), and FGFR4/
BaF3 cells (Figure 1F). The optimum concentration of PPE ranged
from 0.3 to 1 mg/mL. The maximum activity of PPE toward these
cells varied between approximately 30% and 50% of that of FGF1
(Figure 1C-F, left panels, filled circles). The inhibitory effect of
PD173074 on the PPE-induced increase in cell number was not
complete for these cells (Figure 1C-F, left panels, open circles). In
contrast, the FGF1-induced increase in cell number was totally
inhibited (Figure 1B—F, right panels, open circles).

3.2 | FGF ligand activity is contained in the high,
medium, and low MW fractions of PPE

To determine the component of PPE that exerts the FGF effect, we
used MW cutoff membranes to fractionate PPE into high (HMW:
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10 kDa < MW), medium (MMW: 3 kDa < MW < 10 kDa), and low
MW (LMW: MW < 3 kDa) fractions. Analysis of growth-promoting
activity of these PPE fractions revealed that the HMW fraction con-
tained strong activity toward FGFR1c/BaF3 cells (Figure 2A, filled
circles). Unexpectedly, the LMW fraction also strongly activated
FGFR1c/BaF3 cells (Figure 2C, filled circles). The MMW fraction was
the least strong toward FGFR1c/BaF3 cells (Figure 2B, filled circles).
The FGFR inhibitor PD173074 effectively inhibited the activities of
HMW and MMW fractions, whereas it inhibited the activity of
LMW fraction only partially (Figure 2, open circles).

Similarly, FGFR2b/BaF3 (Figure 3A), FGFR3c/BaF3 (Figure 3B),
and FGFR4/BaF3 cell (Figure 3C) proliferation was stimulated by the
HMW, MMW, and LMW fractions (circles, triangles, and squares,
respectively). By contrast, none of these fractions induced prolifera-
tion of FGFR-free BaF3 parent cells (Figure 3D).

3.3 | PE contains sulfated GAG

We next examined whether PPE contains sulfated GAG. Preliminary
experiments analyzing toluidine blue dye metachromasia suggested
that PPE does contain GAGs. Therefore, the GAGs in PPE were
resolved using cellulose acetate membrane electrophoresis at pH 2.0.
Because preliminary experiments suggested that GAGs are present in
PPE as in the form of aggregates with nucleic acids, PPE was predi-
gested with benzonase endonuclease prior to the electrophoresis. As
shown in Figure 4, PPE (lanes 1 and 2; in different buffers with various
efficiencies of endonuclease digestion) contains sulfated GAGs that
migrate closely to chondroitin sulfate C (lane 4) and heparin (lane 5).
Hyaluronic acid, a nonsulfated GAG, did not migrate at pH 2.0.
Although alcian blue (pH 1.0) does not efficiently stain hyaluronic acid
(lane 3 represents inefficient staining of a large amount of hyaluronic
acid standard), PPE also appeared to contain hyaluronic acid when
electrophoresis and staining were conducted at a pH that allowed its
efficient migration and staining.

To measure levels of specific types of GAG, PPE was left untreated
or digested with enzymes that specifically degrade heparin/heparan
sulfate and/or chondroitin sulfate, followed by isolation of medium-to-
high MW (MHMW: MW > 3 kDa) fractions after each treatment. The
isolated MHMW fractions were then analyzed for their uronic acid
content using the carbazole-sulfuric acid method (Table 1). Bovine
intestinal mucosa heparin was used as a reference for uronic acid
quantitation. As shown, the MHMW fraction obtained from 250 pg of
input PPE contained 14.65 pg of heparin-equivalent uronic acid. After
heparinase digestion, which breaks down both heparin and heparan
sulfate at highly sulfated positions, the uronic acid remaining in the
MHMMW fraction had decreased to 10.43 pg. A separate PPE sample
digested with chondroitinase ABC, which breaks down all types of
chondroitin sulfate, yielded 6.12 pg of GAG in the MHMW fraction,
and combined digestion with heparinase and chondroitinase ABC
yielded only 4.11 pg of uronic acid in the MHMW fraction. Thus, the
results of both cellulose acetate membrane electrophoresis and diges-
tion with specific GAG-digesting enzymes strongly suggest that PPE
contains both heparin/heparan sulfate and chondroitin sulfate.
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3.4 | Placental GAGs contained in PPE protect FGF
from trypsin digestion, just as pure heparin does

Size-exclusion  chromatography revealed that the HMW
(MW > 10 kDa) fraction of PPE comprised 5% of the total sub-
stances with optical absorbance at 220 nm in PPE, while the rest are
lower MW substances (personal communication from the manufac-
turer). Separation of the PPE on SDS polyacrylamide gel revealed
that the HMW fraction gives a smear of Coomassie Brilliant Blue-

stainable bands with MWs ranging from 10 to 30 kDa (Figure 5A,

lane 1). Mass spectrometry (TOF-MS) analysis of total PPE revealed
numerous small molecules ranging from 0.1 to 1 kDa (data not
shown).

Western blot analysis of the PPE using a highly specific anti-
FGF1 mAb revealed that PPE may contain a trace amount of FGF1
antigenicity with a molecular weight close to that of the N-terminal
truncated form of full-length FGF1, but it was invisible without
image enhancement (Figure 5B, lane 1).

In addition to acting as a cofactor assisting formation of an

active signaling complex with FGF and FGFR,*”"'® heparin and
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heparan sulfate binding to FGF protects it from proteolytic
degradation. We therefore tested whether PPE could protect
recombinant FGF1 (N-terminal truncated form) from tryptic diges-
tion. Recombinant FGF1 was incubated with trypsin in the
absence and presence of PPE or heparin, and the resulting reac-
tion mixture was analyzed for FGF1 antigenicity by Western
blotting (Figure 5B). Although recombinant FGF1 (1 pg, lane 2; in
addition to monomeric FGF1 indicated by the arrow, the dimer
and other oligomers are also visible) was easily digested and

degraded by 0.025% trypsin (lane 6), it was effectively protected

from digestion in the presence of 5 ug heparin (lane 3), but not
50 ng of heparin (lane 4). Similarly, untreated PPE protected
recombinant FGF1 from tryptic digestion (lane 5). Moreover, fol-
lowing treatment with either heparinase (lane 7) or chondroiti-
nase ABC (lane 8), PPE was still able to protect recombinant
FGF1 from tryptic digestion. This strongly suggests that both
heparin/heparan sulfate and chondroitin sulfate in PPE contribute
to the protection of FGF from tryptic digestion. Indeed, many
members of the FGF ligand family bind both heparin and chon-
droitin sulfate.*”
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FIGURE 2 Stimulation of FGFR1c/
BaF3 cell proliferation by molecular weight
fractionated PPE in the absence and
presence of the FGFR inhibitor PD173074.
Effects of PPE separated into HMW (A,
10 kDa < MW), MMW (B,

3 kDa < MW < 10 kDa), and LMW (C,
MW < 3 kDa) fractions on FGFR1c/BaF3
cell proliferation in the absence (filled
circles) and presence of the FGFR inhibitor
PD173074 at 150 nM (open circles). The
indicated concentrations correspond to
those of the original PPE solution before
fractionation. The induced increase in cell
number is presented as percentage of
FGF1-induced maximum increase in cell
number determined in the parallel
experiments. Values are means + standard
error of hextuplicate samples

FIGURE 3 Proliferation stimulation of
FGFR2b/BaF3 cells, FGFR3c/BaF3 cells,
FGFR4/BaF3 cells, and parent BaF3 cells
by molecular weight fractionated PPE.
Effects of PPE separated into HMW

(10 kDa < MW; circles), MMW

(3 kDa < MW < 10 kDa; triangles), and
LMW (MW < 3 kDa; squares) fractions on
proliferation of FGFR2b/BaF3 cells (A),
FGFR3c/BaF3 cells (B), FGFR4/BaF3 cells
(C), and parent BaF3 cells (D). The
indicated concentrations correspond to
those of the original PPE solution before
fractionation. Values are means + SE of
quadruplicate samples
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FIGURE 4 PPE contains sulfated glycosaminoglycans (GAGs).
GAGs were analyzed using cellulose acetate membrane
electrophoresis. Before electrophoresis, 125 pg PPE was pretreated
with 25 units benzonase endonuclease in 10 mmol/L Tris-HCI, pH
7.4 (lane 1), or in PBS, pH 7.4 (lane 2). The other samples were
1.25 pg hyaluronic acid (lane 3), 1.25 ug chondroitin sulfate C (lane
4), and 1.25 pug heparin (lane 5). The samples were loaded onto a
cellulose acetate membrane at the positions marked by the
horizontal lines, and electrophoresis was conducted using a pH 2.0
buffer, which enables efficient separation of sulfated GAGs from
nonsulfated hyaluronic acid. The anode and cathode directions were
marked by + and —, respectively. After electrophoresis, the
membrane was stained with alcian blue solution (pH 1.0), which
efficiently stains sulfated GAGs, but stains hyaluronic acid less
efficiently

TABLE 1 Uronic acid content in the medium-to-high molecular
weight (MHMW) fraction of PPE before and after digestion with
GAGases

MHMW uronic acid content

GAGase used for PPE digestion (ng) (as heparin equivalent)

None (input PPE: 250 pg) 14.65
Heparinase 10.43
Chondroitinase ABC 6.12
Heparinase and chondroitinase ABC 411

4 | DISCUSSION

The PPE product used for this experiment was manufactured
according to the standard procedure for such production: Porcine
placentas collected in Japan are treated with protease and heat
sterilization and then spray-dried (information disclosed by the
manufacturer). Through this procedure, most polypeptide signaling
molecules are likely lost. However, the present results clearly indi-
cate that PPE mediates signaling through activation of FGFR tyro-

sine kinase and that the active entities are present as HMW

W4 ® 412345678
kDa kDa

91 —
66 — 91—
45 — 66 —
45—
29 — 29 —
14 —
14 —

FIGURE 5 PPE contains a variety of polypeptide species, and
PPE-GAG protects FGF from tryptic digestion. (A), SDS-PAGE and
Coomassie Blue staining of PPE proteins. Lane 1 shows the single
PPE lot examined in this paper. PPE contains peptides/polypeptides
with a broad range of MWSs, most of which are too small to be
resolved by SDS-PAGE (see text). (B), Western blot analysis using a
highly specific anti-FGF1 mAb. Lane 1: untreated PPE sample
resolved on SDS-PAGE. Lane 2: 1 ug untreated recombinant FGF1
(biologically active N-terminal truncated form). Lanes 3, 4, 6: 1 ug
recombinant FGF1 digested with trypsin in the absence (lane 6) or
presence of 5 pg heparin (lane 3) or 50 ng heparin (lane 4). Lanes 5,
7, 8: 1 ug recombinant FGF1 digested by trypsin in the presence of
untreated PPE (lane 5) or PPE digested with heparinase (lane 7) or
chondroitinase ABC (lane 8). Note that untreated PPE, heparinase-
digested PPE, and chondroitinase ABC-digested PPE all protected
recombinant FGF1 from tryptic digestion. The arrow indicates the
position of the recombinant FGF1 protein used in this experiment

(>10 kDa), MMW (3 kDa < MW < 10 kDa), and LMW (<3 kDa)
substances.

These results suggest that a portion of endogenously expressed
FGF ligands (17-25 kDa) in placenta may have survived the manu-
facturing process and storage as powder at room temperature as
partially truncated, yet active, HMW substances. This interpretation
is supported by the observation that PPE contains GAGs that pro-
tect recombinant FGF from protease digestion, just as pure heparin
protects FGF. Indeed, we detected trace amounts of endogenous
placental FGF1 with a MW close to that of the active N-terminal
truncated form of FGF1.2° Our results also suggest that small
amounts of other FGF ligands in placenta may have survived the
manufacturing process as partially truncated active forms. Although
the FGF activity contained in PPE was strongly mediated through
FGFR1c, it was also mediated through FGFR2c, FGFR2b, FGFR3c,
and FGFR4 (Figure 1). In full-thickness skin, physiological expression
levels of FGFR1 and FGFR3 are higher than those of FGFR2 and
FGFR4.2222 Both FGFR1c and FGFR2b are important for homeosta-
sis of the cutaneous system: Activation of FGFR1c stimulates prolif-
eration of many cell types, while FGFR2b activation stimulates
proliferation of epithelial cells, including keratinocytes. On the other
hand, signaling through FGFR3c and FGFR4 often results in both
growth and nongrowth responses, such as quiescence in hair follicles
and synthesis of bile acid in liver. This means that the overall
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biological activity of PPE through the FGF system may differ
depending on the context, including the spatiotemporal expression
pattern of FGFRs.

Our findings indicate that while the activity of PPE toward FGFR/
BaF3 cells was strongly inhibited by the FGFR inhibitor PD173074,
partial activity persisted in the presence of the inhibitor (Figure 1C-F).
In some cells, the remaining activity appeared to be stronger than the
activity toward wild-type BaF3 cells, which lack FGFRs (compare Fig-
ure 1A and Figure 1C-F). The reason is not yet clear.

The results also indicate that portions of the FGF signaling activity
of PPE are present as LMW and MMW substances. Given that syn-
thetic partial peptides derived from the primary structures of FGF
ligands have been shown to induce biological activities,?® the activity
of LMW and MMW substances is noteworthy and warrants further
analysis of the nature and mechanism of these active substances.

Glycosaminoglycans are abundant in the extracellular matrix of
numerous tissues, which is consistent with the present finding that
PPE contains GAGs. In physiological settings, GAGs are present as
varied molecular forms in the extracellular matrix and as cell surface
proteoglycans.2* GAGs serve both as a reservoir and structural stabi-
lizer/protector for heparin-binding growth factors, such as FGF
ligands.2”*® |t is also known that some GAGs, particularly heparan
sulfate/heparin and some types of chondroitin sulfate, bind to FGF
and serve as indispensable cofactors for the formation of active
FGF-FGFR signaling complexes.'®'? FGFs are unstable by them-
selves, but once bound to a sulfated GAG, they are structurally
stable and resistant to protease digestion.?> Our results clearly indi-
cate that PPE is able to protect recombinant FGF from trypsin diges-
tion. This suggests that the sulfated GAGs present in porcine
placenta are sufficient to preserve small amounts of biologically
active FGFs throughout the harsh PPE manufacturing process, even
if they are not the fully intact endogenously expressed FGF ligands.
We also found that PPE can potentiate activity of recombinant FGF
toward FGFR, just as pure heparin does (data not shown).

In sum, our results clearly indicate that PPE is capable of exerting
FGFR-dependent activity in cells. Given that recombinant FGFs have
proven to be useful for medical/cosmetic purposes in humans, our
results suggest that the medical/cosmetic utility of PPE is provided
at least in part through the activation of FGF signaling in the

cutaneous system.
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