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early hair follicle development using hair patch assay
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Abstract

Background : The hair follicle (HF) undergoes cycles of growth, regression and quiescence throughout the
lifetime of the individual. The organization of the HF requires the interaction of epithelial and mesenchymal
cells. To understand the interaction of these cells in HF development, a variety of methods were examined to
generate the HF structures in the laboratory.

Objective : In order to clarify the influence of extracellular matrix (ECM) molecules, the growth factors
(GFs) affecting early HF development, we modified the method recently invented for generating HFs in vivo (patch
assay method), and analyzed the effect on HF development of type IV collagen and laminin-5 as the ECMs, and
keratinocyte growth factor (KGF), platelet-derived growth factor (PDGF)-BB, hepatocyte growth factor (HGF),
insulin-like growth factor (IGF)-1 and -2 as the GFs.

Methods : The dorsal skin avulsed from donor C57BL/6J mice (from embryonic day 14 to postnatal day 2)
was dissociated into individual cells. Then cell suspensions with various ECM molecules and GFs were intracu-
taneously injected into the dorsal region of recipient nude (nu/nu) mice. The recipients were sacrificed 10 days
after the injection, and the size of the generated patches and the number of HFs were analyzed.

Results : After the addition of type IV collagen, the generated patch areas with HF significantly increased in
size compared with the control group. The addition of laminin-5 showed no significant influence in the size of
the patches. A significant increase in the number of HF structures was observed after the addition of KGF (at a
concentration of 50 ng/ml), PDGF-BB (5 ng/ml), HGF (100 ng/ml), IGF-1 (5, 10 ng/ml) and IGF-2 (10, 30, 100
ng/ml).

Conclusions : We confirmed the efficacy of ECM molecules and GFs on the acceleration of HF development
by means of the patch assay method, which appeared to be a useful method for assessing the effect on hair growth

of materials recently developed for the treatment of hair loss disorders.

Introduction

The hair follicle (HF) drastically alters its morphology
throughout its life-cycle"”. The HF undergoes the cycles
of growth, regression and quiescence, known as the ‘ana-
gen’, ‘catagen’ and ‘telogen’ stages, respectively. In
each stage of HF development, various follicular micro-
environments are regulated by the extracellular matrix

(ECM) and growth factors (GFs). The ECM is com-

posed of collagen, laminin, fibronectin, elastin, and so
on. Laminin, a kind of cell adhesion molecule® and its
receptor integrin? have frequently been cited as factors
regulating the development and growth of various kinds
of cell.

The effect of GFs on the early HF morphogenesis has
also been widely studied. Recently various methods have
been developed to generate HF structures using an epi-
thelial-mesenchymal interaction closely mimicking the
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natural process. For example, the silicon chamber
method”, its modified version”, hanging drop cultures”,
granulation tissue beds®, collagenous shells” and kidney
capsule cultures'”'” have been introduced. Ying Zheng
et al.'”” created a novel method of artificially generating
HF structures, their so-called ‘hair patch assay system’,
involving the infusion of dissociated epithelial and mes-
enchymal cells from donor mice into the dorsal skin of
recipient nude mice with various ratios of epithelial and
mesenchymal cells. Eight to twelve days after infusion,
artificial hair follicles were generated in the intracutane-
ous tissue of the recipient. This method provided narrow
spaces in which epithelial mesenchymal cells could inter-
act with each other to form HFs.

In the present study, we modified the method of Ying
Zheng et al. by shortening the time required to dissociate
the epithelial and mesenchymal cells by using three kinds
of enzymes, and analyzed the effect on HF development
of type IV collagen and laminin-5 as ECM molecules,
and of KGF, PDGF-BB, HGF, IGF-1, IGF-2 as the GFs.

Materials and Method

Animals

Progenitor cells were obtained from C57BL/6J mice
(donor mice) (Charles River Laboratories, Wilmington
MA, USA) from embryonic day 14 (E14) to post natal
day 2 (P2). Regeneration assays were performed with
male nude (nu/nu) mice (recipient) (Charles River Labo-
ratories) at 7-9 wks of age. These animals were fed a
standard diet and water ad libitum and were housed at
room temperature (24+2°C) on a normal day-night cycle
(lightning from 6 am to 6 pm) in the Tokyo Medical Uni-
versity animal facility. All studies were approved by
the Animal Care Committee of the Tokyo Medical Uni-
versity animal facility.

Reagents

The reagents of the ECM molecules were bovine type
IV collagen (R&D systems Inc., Minneapolis, MN, USA)
and mouse laminin-5 (R&D systems Inc.), used in con-
centrations of 0.3 mg/ml and 1.0 mg/ml, respectively.
GFs used were recombinant human keratinocyte growth
factor (KGF, FGF-7, PeproTech EC Ltd. London, UK),
recombinant murine platelet derived growth factor-BB
(PDGF-BB, PeproTech EC Ltd.), recombinant human
hepatocyte growth factor (HGF, PeproTech EC Ltd.),
recombinant murine insulin-like growth factor-1 (IGF-1,
PeproTech EC Ltd.) and recombinant murine insulin-like
growth factor-2 (IGF-2, R&D systems Inc.), deployed in
concentrations of 10 to 100 ng/ml, 1 to 10 ng/ml, 30 to
500 ng/ml, 1 to 10 ng/ml, and 10 to 100 ng/ml, respec-
tively.
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Preparation of cells

The dorsal skin (1x1 cm in size) was avulsed from
donor mice at the level of fat tissue. This avulsed skin
was defatted and segmentalized into small pieces using
micro forceps and scissors under a stereomicroscope, and
rinsed in Ca®" and Mg®" free phosphate buffered saline
(PBS). These segmentalized pieces were dissociated
into individual cells in the PBS solution with collagenase
type I (1.0 mg/mL, Invitrogen Corp., New York, NY),
Dispase (1.0 mg/mL, Invitrogen Corp.) and DNAase |
(0.1 mg/mL, Worthington Biochemical Corp., Lakewood,
NJ) at 37°C for 90 min with a shaker. At each 30 min
interval, pipetting was performed to accelerate the disso-
ciation of the cells. After 90 min incubation, the
enzyme reaction was stopped with the addition of serum
free-DMEM-F12 medium (Invitrogen Corp.). Then the
cell suspension was prepared after filtering this solution
with mesh-nylon (42 um). The cells were counted and
the dissociated cells were re-suspended in the serum
free-DMEM-F12 medium for the adjustment of the
medium volume up to 50 pl.

Application of prepared cells and analysis of hair
follicle development

The prepared cell suspension was injected into the dor-
sal region of recipient mice intracutaneously using mic-
rosyringes (Hamilton Company, Reno, NV, USA). The
mixed cells at 5.0x10° containing mesenchymal cells and
epidermal cells from P2 mice in 50 pl serum free-
DMEM-F12 medium were injected into 6 sites per
mouse together with the ECM molecules. The mixed
cells at 3.0x10° in 50 pl serum free-DMEM-F12 medium
were injected into 6 sites per mouse together with the
GFs. The recipient was anesthetized by diethylether
(Wako Pure Chemical Industries Ltd., Osaka, Japan)
before injection. The recipients were housed and sacri-
ficed 10 days after the injection. Then photographs of
the newly generated hair follicle formations (hair patch)
were taken using a microscopic camera. The effects of
the ECM and the GFs were evaluated in terms of the area
of the resulting hair patch and the number of hair shafts
generated, respectively. The area of the hair patch was
calculated by multiplying the diameter of the long and
short axes of the patch, each diameter length having been
macroscopically measured to the nearest 100" of a milli-
meter. The generated hair shafts were counted using a
stereomicroscope. These data were presented as the mean
+standard deviation (SD) and data plot. Statistical analy-
ses were performed using the Student’s un-paired 7 -test.

Results

Determination of the minimal number of injected
cells required to generate hair follicle structures
Hair patches generated using the modified method of
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Fig. 1B

Zheng et al'® were observed as black macules from the
dorsal side and black plaques from the ventral side (Fig.
1A, B). The black plaque consisted of hair shafts arra-
nged in a radial manner, as described in the paper of
Zheng et al'.  Repetition of these procedures confirmed
that cells from mice older than over E14 generated HF
structures whereas the mixed cells collected from P2 and
pre-cultured in DMEM-F12 medium with bovine serum
for two days failed to show any HF structures (data not
shown). Our analysis of the influence of injected cell
numbers on generating the HF structures indicated that
the minimal number of injected cells required for the
generation of HF structures had to be more than 1.0x10°
cells per injection site ; after the injection of 1.0x10°
cells into 6 sites, only 2 sites showed visible HF patches
(Fig. 1C).
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Fig. 1C

Fig. 1 Generated hair patches and plaques

Generated hair patch was observed macroscopically
(A). The recipients were sacrificed 10 days after the
injection. View from the ventral side of the avulsed skin
(B).  Result of the injection of 1x10° cells (C).

Effect of the ECM on HF development

In the presence of type IV collagen in the infusion
medium at a concentration of 0.3 mg/ml, the numbers of
generated HF structures significantly increased the area
of follicular growth compared with the control group.
Fig. 2A shows the area of the hair patches generated
(mm?) in the presence of type IV collagen, and indicates
the significant difference between these groups
(p-value=0.008, n=11). The addition of type IV colla-
gen enhanced the number of HF generated, leading to an
increase in the area of the hair patch. The same experi-
ment using laminin-5 as another ECM molecule also led
to the generation of larger areas of HF structures than in
the control group, although no significant difference
between the type IV collagen and laminin-5 groups was
observed (Fig. 2B, p-value=0.07, n=7).

Effect of GFs on the system

In order to increase the concentration of GFs in the
injected media, we reduced the cell numbers and counted
the hair shafts instead of measuring the area of the HF
patches in order to assess the generation of the HF.

The effect of KGF was assessed by adding concentra-
tions of 10 ng/ml, 50 ng/ml, and 100 ng/ml to the infu-
sion medium. The result was a significant (»=0.01)
increase in the number of HF structures (Fig. 3A).
PDGF-BB was tested at concentrations of 1 ng/ml, 5 ng/
ml, and 10 ng/ml, with the result that 5 ng/ml of PDGF-
BB was found to significantly increase (p=0.03) the num-
ber of HF in comparison with the control (Fig. 3B). HGF
at a concentration of 100 ng/ml similarly increased the
number of follicles (p=0.02) (Fig. 3C). The addition of
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Fig. 2 Generation of hair follicle structures after the addition of
type IV collage or laminin-5
(A) Mean area of generated hair patches (mm?) of control
and type 1V collagen group was 8.8+3.4 and 13.6+4.2 (the
mean+SD), respectively (n=11).
(B) Mean area of hair patches (mm?) generated in the con-
trol and laminin-5 group was 8.4+1.6 and 14.4+8.0 (the
mean+SD), respectively (n=7).
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IGF-1 produced similar, significant effects at the concen-
trations of 5 ng/ml and 10 ng/ml (p=0.03 and 0.05,
respectively) (Fig. 3D). IGF-2 produced significant
enhancement of HF development at all of the tested con-
centrations (10 ng/ml, 30 ng/ml, 100 ng/ml ; CP=0.02,
0.01, and 0.03, respectively (Fig. 3E)). The optimal
concentration for promoting HF morphogenesis was
found to be 50 ng/ml for KGF, 5 ng/ml for PDGF-BB,
100 ng/ml for HGF, 5 ng/ml for IGF-1, and 30 ng/ml for
IGF-2.

Discussion

The pre-conditions required for a successful hair patch
assay system'” are first, a large quantity of living HF
cells and mesenchymal cells ; and second, a relatively
compact space in which the injected cells will have
ample opportunities to interact. In order to shorten the
duration of enzyme treatment and decrease the concen-
tration of Dispase, we modeled our procedure on the
method adopted by Ying Zheng et al. of employing colla-
genase and dispase synergistically'”. We also used
DNase I to degrade the DNA from enzyme-treated cells
and to avoid the aggregation of dissociated cells. In the
previous study'”, injected cell suspensions were some-
times refluxed over the skin surface. However, our
method, using Hamilton® syringes and needles, precluded
reflux, and the cells were injected with precision into the
target sites in the mouse skin.

Our results, indicating that injected cells older than
E14 could form new HF structures, were consistent with
the widely accepted view that murine HF morphogenesis
generally begins at E13.  Our results also indicated that
cells older than E14 have already partially differentiated
into HF structures, and that HF structures are generated
only with difficulty if dissociated cells have been incu-
bated in the media for several days (data not shown).
This suggests that epithelial-mesenchymal interaction is
always a pre-requisite for HF development, and that epi-
thelial and mesenchymal cells consistently transmit vari-
ous signals to each other during HF development. In
the hair patch assay system, epithelial-mesenchymal int-
eractions and the generation of new HFs do not occur if
the number of injected cells is less than 1x10'?.  In the
present study, at least 1x10° cells were needed to gener-
ate new HF, while 3x10° cells produced an abundance of
HF structures.

We applied type IV collagen and laminin-5 to this
assay in order to examine the relationship between HF
morphogenesis and the extracellular matrix. Because
the basement membrane is composed of type IV colla-
gen, it serves as a robust scaffold for close communica-
tion between epithelial and mesenchymal cells. Alter-
natively, the collagen itself may directly impinge on cell
development and differentiation. On the other hand, the
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dysfunction of laminin-5 leads to Herlitz type junctional
epidermolysis bullosa®. Further, it has already been
reported that laminin-10 is essential for hair develo-
pment'” ; Sugawara et al'”. have reported that inclu-
sion of laminin-10 in culture media enhances hair elon-

gation compared with controls. Although both laminin-5

and -10 are found in the basement membrane, laminin-5
has a gamma 2 subunit which is known to interact with
type IV collagen'”. However, in the present study, lam-
inin-5 did not increase the hair patch size significantly. It
is also reported that laminin-5 suppresses hair growth

driven by laminin-10 in in vitro cultures'®. Further-
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', suggested that fine-tuning of
the relative expression of laminin-5 and laminin-10 is
essential to the precise regulation of HF growth.

The function of growth factors as secretory signals in
HF morphogenesis is also integral to the development of
HF structures. The function of KGF, also known as

FGF-7, is to mediate the migration and cell growth of

more, Sugawara et a

keratinocytes'”.  Adenosine upregulates KGF gene exp-

ression, resulting in increased extracellular KGF protein
Platelet-
derived growth factor (PDGF) stimulates the migration
and proliferation of mesenchymal cells mainly. Both
PDGF-AA and BB injected into mouse back skin
induced the anagen phase of the hair cycle in mature

levels and the promotion of hair growth'.
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Fig. 3 Generation of hair follicle structures after the addition of growth factors
(A) Mean number of hairs generated in control, KGF (10 ng/ml), KGF (50 ng/ml) and KGF (100 ng/ml) was 9.6+7.6, 18.2+£14.9,
21.8+13.6 and 8.8+7.0 (the mean+SD), n=12, 17, 18 and 12, respectively.
(B) Mean number of hairs generated in the control, PDGF-BB (1 ng/ml), PDGF-BB (5 ng/ml), and PDGF-BB (10 ng/ml) was
15.8+18.3, 13.6+8.6, 25.8+12.7 and 21.7+10.9 (the mean+SD), n= 24, 21, 24 and 23, respectively.
(C) Mean number of hairs generated in the control, HGF (30 ng/ml), HGF (100 ng/ml) and HGF (500 ng/ml) was 6.9£8.5,
14.4413.8, 27.1427.3 and 15.7£16.5 (the mean=SD), n=12, 18, 16 and 16, respectively.
(D) Mean number of hairs generated in the control, IGF-1 (1 ng/ml), IGF-1 (5 ng/ml) and IGF-1 (10 ng/ml) was 12.5+13.6,
12.2+14.1, 26.1426.5 and 21.0+15.5 (the mean+SD), n=24, 18, 24 and 24, respectively.
(E) Mean number of hairs generated in the control, IGF-2 (10 ng/ml), IGF-2 (30 ng/ml) and IGF-2 (100 ng/ml) was 5.0£5.5,
11.9+11.8, 14.8+15.7 and 11.2+11.3 (the mean+SD), n= 21, 18, 20 and 21, respectively.

20)

individuals®”. )

and
IGF also plays
an important role in HF regulation. Increased vibrissal

HGF promoted HF growth in mice?'

human scalp hair in an organ culture®.

growth was seen in transgenic mice overexpressing IGF-
1. In human beard hairs, androgen promotes the pro-
liferation of outer root sheath cells via IGF-1?Y. In the
present study, a significant increase in the number of HFs
was observed after the addition of KGF (at a concentra-
tion of 50 ng/ml), PDGF-BB (5 ng/ml), HGF (100 ng/
ml), IGF-1 (5, 10 ng/ml) or IGF-2 (10, 30, 100 ng/ml).
The increased generation of HFs with GFs as well as
type IV collagen indicates that our assay system is useful
for examining the effects on hair growth of materials
recently developed for the treatment of hair loss disor-
ders.

Further studies can be performed to assess the topical
application of the reagents such as minoxidil in ointment
or lotion vehicles.

Abbreviations : HF, hair follicle ; ECM, extracellular

matrix ; GF, growth factor; EGF, epidermal growth
factor ; TGF, tissue growth factor; VEGF, vascular
endothelial growth factor ; KGF, keratinocyte growth
factor ; HGF, hepatocyte growth factor ; IGF, insulin-
like growth factor ; FGF, fibroblast growth factor ; PBS,
phosphate buffered saline ; DNase I, deoxyribonuclease I

References

1) Paus R, Miiller-Réver S, Van Der Veen C, Maurer M,
Eichmiiller S, Ling G, Hofmann U, Foitzik K, Meck-
lenburg L, Handjiski B : A comprehensive guide for
the recognition and classification of distinct stages of
hair follicle morphogenesis. J Invest Dermatol
113 : 523-532, 1999

2) Paus R, Cotsarelis G : The biology of hair follicles.
N Engl J Med 341 : 491-497, 1999

3) Nakano A, Chao SC, Pulkkinen L, Murrell D, Bruck-
ner-Tuderman L, Pfendner E, Uitto J: Laminin 5
mutations in junctional epidermolysis bullosa:
Molecular basis of Herlitz vs. non- Herlitz pheno-
types. Hum Genet 110 : 41-51, 2002

(7))



April., 2011

4)

5)

6)

7)

8)

9)

10)

11)

12)

14)

Zhang Z, Chometon G, Wen T, Qu H, Mauch C, Krieg
T, Aumailley M : Migration of epithelial cells on
laminins : RhoA antagonizes directionally persistent
migration. Eur J Cell Biol. 2010 [Epub ahead of
print]

Weinberg WC, Goodman LV, George C, Morgan DL,
Ledbetter S, Yuspa SH, Lichti U : Reconstitution of
hair follicle development in vivo : Determination of
follicle formation, hair growth, and hair quality by
dermal cells. J Invest Dermatol 100 : 229-236,
1993

Itoh M, Hiraoka Y, Kataoka K, Huh NH, Tabata Y,
Okochi H : Novel collagen sponge reinforced with
polyglycolic acid fiber produces robust, normal hair
in murine hair reconstitution model. Tissue Eng
10 : 818-824, 2004

Hardy M : The development of mouse hair in vitro
with some observations on pigmentation. J Anat
83 : 364-384, 1949

Reynolds AJ, Jahoda CAB : Cultured dermal papilla
cells induce follicle formation and hair growth by
transdifferentiation of an adult epidermis. Develop-
ment 115 : 587-593, 1992

Reynolds AJ, Jahoda CAB : Hair follicle reconstruc-
tion in vitro. J Dermatol Sci 7 (Suppl.) : S84-S97,
1994

Inamatsu M, Matsuzaki T, Iwanari H, Yoshizato
K : Establishment of rat dermal papilla cell lines that
sustain the potency to induce hair follicle from a fol-
licular skin. J Invest Dermatol 111 : 767-775, 1998
Takeda A, Matsuhashi S, Shioya N, Thara S : Histo-
differentiation of hair follicles in grafting of cell
aggregates obtained by rotation culture of embryonic
rat skin. Scand J Plast Reconstr Hand Surg
32: 359-364, 1998

Zheng Y, Du X, Wang W, Boucher M, Parimoo S,
Stenn K : Organogenesis from dissociated cells : Ge-
neration of mature cycling hair follicles from skin-
derived cells. J Invest Dermatol 124 : 867-876,
2005

LiJ, Tzu J, Chen Y, Zhang YP, Nguyen NT, Gao J,
Bradley M, Keene DR, Oro AE, Miner JH, Marinkov-
ich MP : Laminin-10 is crucial for hair morphogene-
sis.  EMBOJ 22 : 2400-2410, 2003

Sugawara K, Tsuruta D, Kobayashi H, Ikeda K, Hop-
kinson SB, Jones JC, Ishii M : Spatial and temporal

(8)

T. MIYAKURA, et al : Patch assay analysis of hair development

15)

16)

18)

19)

20)

21)

22)

23)

24)

—217—

control of laminin-332 (5) and -511 (10) expression
during induction of anagen hair growth. J Histo-
chem Cytochem 55 : 43-55, 2007

Sasaki T, Gohring W, Mann K, Brakebusch C,
Yamada Y, Fassler R, Timpl R : Short arm region of
laminin-5 gamma2 chain : Structure, mechanism of
processing and binding to heparin and proteins. J
Mol Biol 314 : 751-763, 2001

Sugawara K, Tsuruta D, Kobayashi H, Ikeda K, Hop-
kinson SB, Jones JC, Ishii M : Spatial and temporal
control of laminin-332 (5) and -511 (10) expression
during induction of anagen hair growth. J Histo-
chem Cytochem 55 : 43-55, 2007

Sugawara K, Tsuruta D, Ishii M, Jones JC, Kobayashi
H: Laminin-332 and -511 in skin. Exp Dermatol
17 : 473-80, 2008

Tsuboi R, Sato C, Kurita Y, Ron D, Rubin JS, Ogawa
H : Keratinocyte growth factor (FGF-7) stimulates
migration and plasminogen activator activity of nor-
mal human keratinocytes. J Invest Dermatol
101 : 49-53, 1993

lino M, Ehama R, Nakazawa Y, Iwabuchi T, Ogo M,
Tajima M, Arase S : Adenosine stimulates fibroblast
growth factor-7 gene expression via adenosine A2b
receptor signaling in dermal papilla cells. J Invest
Dermatol 127 : 1318-1325, 2007

Tomita Y, Akiyama M, Shimizu H : PDGF isoforms
induce and maintain anagen phase of murine hair fol-
licles. J Dermatol Sci 43 : 105-115, 2006

Jindo T, Tsuboi R, Imai R, Takamori K, Rubin JS,
Ogawa H : Hepatocyte growth factor/scatter factor
stimulates hair growth of mouse vibrissae in organ
culture. J Invest Dermatol 103 : 306-309, 1994
Jindo T, Tsuboi R, Imai R, Takamori K, Rubin JS,
Ogawa H : The effect of hepatocyte growth factor/
scatter factor on human hair follicle growth. J Der-
matol Sci 10 : 229-232, 1995

Su HY, Hickford JG, The PH, Hill AM, Frampton
CM, Bickerstaffe R : Increased vibrissa growth in
transgenic mice expressing insulin-like growth factor
1. JlInvest Dermatol 112 : 245-248, 1999

[tami S, Kurata S, Takayasu S : Androgen induction
of follicular epithelial cell growth is mediated via
insulin-like growth factor-I from dermal papilla cells.
Biochem Biophys Res Commun 212 : 988-994,

1995



—218— THE JOURNAL OF TOKYO MEDICAL UNIVERSITY Vol. 69 No.2

Ty FT7 v A EO, FRBEREIC KT
Al SRR & BT T 0D S

g
i
ME

(1N T GO ) O OROA

SUERL AL He B2

[FR] e, s 0BEOFGOFT, WKk, BT, KREORMAEYES, TOoBE I Eimn s My
AEOAHEAEADRVEETH b BAFEAEIIBIT LIS QMO EAEH % -4 5720, in vivo TEAURERE & 15
WY 5L OERFHIHAAOLNTE L,

[(Bry] FEEFEICB T M E ST L BMR T OREEZ A 5202 5720, AL invivo TEA % HEE
FTARIRE SN 2T Oy 7Ty k) #BL, MlgnEEe Lcivillas—rr g3 =05, HiHK
& L CTKGF, PDGF-BB. HGF. IGF-1. IGF-2 DETIEANIBIT 558 % AT L /2.

[J7E] Bas: 14 H22 588 2 H o) CSTBL6T ~ 7 A7 &I ERR IS 2 FRELL . M & Lze & LMl s
W % DM IEE 5 TR MR T2 /M L. X — B ZAOWSEIREE A L7z A 10 HBIZX — K<
TAwRER L, E Uy F O & TR BT L.

(BR] VB - ramlize s, Bz &t iy FOMEBIET Y bOo— VB E KL THZI2H
ML7ze LpL, 73225 TIEABERRGEIME, S, WIEKT & LT KGF (& 50 ng/ml), PDGF-BB (5 ng/
ml). HGF (100 ng/ml), IGF-1 (5, 10 ng/ml). IGF-2 (10, 30, 100 ng/ml) &A1 L7z & & A, B0 EDE I8N
L7

(f5a] Sy 77 v ABRIC LD, M EES TN T O B A MEENATER SN, 2Ol EI TR
BOWGIED 720\ H/AT 58 SN EH OB EREEHO T v A FEELTHHTH L Z EHURE NI,

(ZF—"T—FK) T4, &k, as—4rr, 3=, BEHET




