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%o MM 2 5 2k 3 HEOFREM A TGS 5,1998), F72, Fed /v 277 < ARTIEIEE
% (Johnson & McConnell, 2004), Ik #0 (% 4 PR ENZ W & LY, FGF4 IZBBOEEIZB T

35 Hi%R) Tid, MafFzks 2 Nkt s, kit FE MR T T 5 2 L ANE &7z (Feldman
TEHCS % IR WIS %0 Rk 5, 1995)
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NUIHL D BERAZIMIRBE 2 SRR S T B0 e 2 MEHETRO LN Z EAHWI L7z (Cibelli 5 , 1998;
fa¥gsi N (FGF) 4 1 XPEAIIaE2: & 70 S, sk Kato &, 1998), fh#ila s v —> 2 VT, #H

C s MRS (cHRL FE0X) SRR & I L C FGF4 mRNA SEBUR S A RIK W 2
KBS KPR SR A b TS L b HE SN (Amarnath & | 2007; Fujii &, 2010).
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HETHLEEZOND, LAL, 7HDOREEIBITS
FGF4 Bz B X FGF4 7 v X7 EoREIXIZEA L
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LV—AfE, Fauy sM) ([CHKT S FGFL BIET O
& 37 B 3 — R A EELS] (GenBank accession
No. AB745732) % L7ze I O IERH R H % IS
L C, 6x Histidine-tag % f i1l U 7z 1% F-HHL 6 2 B8
7% FGF4 (proline®-leucine®™, HispFGF4) % K
WX W AERE L7 (Sugawara b, 2013). 7 % JAH-HHESE
HIFLRE % H W C HispFGEF4 ol i 1 5t {1 e 15 7 % e
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1. 7 2R MaM% PEF Sv40 il & v XA

{FIGHESFHHBaRk Balb/c 3T3 Mifa DL

PEF SV40 #ilfig (Fukuda 5, 2012) 1% 10% =7 ¥ i fF i
% (Biological Industries) % #s/llL 7z Dulbecco’s modified
Eagle’s medium (DMEM, 45 g/l Z)Va—XZ, Sigma) %M
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EHWTERLZ IS ofMigx 967 L — b (TPP)
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L7z, 04% 7 Vg (Sigma) %M L7z DMEM 2
RHth, S HIC 24 FMIEE# L7z v1& %t &, HispFGF4
T3 RBW B ¢ b FGF4 (RhFGF4, Sigma) &~
281 ¥ (1 wg/ml, Sigma) %ML 7z 04% 117 ¥ I
W DMEM (100 ul/well) (228H#it%, 72 BeR: 28 L 72,
¥ 72, %E206 U T FGFR B4 PD173074 (BioVision)
% FGF4 &[RRI L 720 a8 % B e 3 1S
AR 2 3 3E WST-1 (10 ul/well, Takara-Bio) % @
WL, 3512 3REMARE (37C, 5% CO,) L7z §
ClewAfzar7L—1+Y—=%— (£7)NV 550, Bio-Rad)
%M\ T 450 nm & 655 nm O (A) ZWEL,
Ao — Ags THEZ I L 72

F 7213, 24 )7L — b (Greiner) \ZHli % #&Hif% (PEF
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1 11,500 cells/2 ml - well), —HiRFEEL, 04% 17>
M % @M L7z DMEM (1 ml) 125cH#ifs, & 512 24 I
MR EE L7ze W& &, HispFGF4 &~/%) V2L

H 2 7 % FGF4 OVEHIFERE

72 04% 7 Y& DMEM (1 ml/well) (238174,
SO T2HEHREE Lz, MY Y VRIS XY M
TLU—bI0oREEL, SRl I—NF—hT s
— (&5 Z2, Beckman-Coulter) (2 X 0 % % &t
BL7

2. PCR

PEF SV40 #l i & b, RNeasy kit (Qiagen) % T
RNA #4581 720 # (Saito 5, 2011; Tha &, 2012) 123
EOx, M RNA, S5 FE (ReverTra Ace, HEEH))
LTI 4<— (AT ATy TI9A~Y—: TV F LN TF74
~— = 110) #/H\WT cDNA 28K L, 791 ~v—tv | (5
-GAAAAACGGGAAGGAATTTAAGCAGGAACA-3, 5
-AACTCCACGTCGCCCCCAACC-3') %= H\wT PCR I
&V FGFR2 cDNA #3E L7z %8B, #5517z PCR g
FEWIDIG LR 2 E T HZ LIS E Y, FGFR2 mRNA 2
L7z cDNA THhbHI a2 MGEL 7z,

3. HEtEER
2HEDIIMO L ¢t MBI L D 5T L 72,

Fx OWF7I1C X Y, 6x Histidine-tag % 140 L 72 &
fo T4 2 8 7 # FGF4 (HispFGF4) (&l ia 34
ARMEEEZ R T 2 AR SN TV D (Sugawara b ,
2013)s Lo L, #BIETLFENGEEESRZINTNS,
HispFGF4 12 & % Mg st sk AN ThH 5 720 2
ZCAWFZETIX, 18K 7% FGFR BLEH & L TE 04
YA X K MEE S hTw B PD173074 (Skaper 5 , 2000;
Yang 5, 2011) % J\», HispFGF4 ol i b i e 38 %)
BHIRES S B M L7z

IR 412 X B DI ofFgesE s X { —3 L T (Sugawara
5, 2013), 72 Wi o HispFGF4 (1 nM) RN &
Y, PEF SV40 MiflsoMilafud A=z (P < 001) (28¥m
L7 (Fig. 1A). —7%, PD173074 (001 uM) DA%
L7234, FGF4 - PD173074 & L ICIERMTH - 72
LA L L CHIIBIC RO SN ol Thb
%, 001 uM PD173074 1ZMINEREZ /R & 2 & 2%
B L7, %42 T HispFGF4 (1 nM) & a2 PD173074
(001 uM) ZFIML7z& A, HispFGF4 12 X A%
DOHIMTIFIZTED SN L B o7z,

jl &%t &, HispFGF4 1EH O HE 233 % PD173074
BERGTEICOWT, WST-1 32 W CHICHE L7z
(Fig. 1B), HispFGF4 (0.1 nM) %ML 724, PEF
SV40 Mifa o ¥agi iz A (P < 001) g s hriz, —
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Fig. 1. Effect of PD173074, an FGF receptor inhibitor, on the growth-promoting activity of HispFGF4 in porcine embryonic
fibroblast PEF SV40 cells.

(A) PEF SV40 cells were precultured with 10% fetal calf serum in a 24-well plate overnight. Then the cells were further
cultured with 0.4% calf serum (CS) for a 1-day culture period. The growth-promoting activities of 1 nM HispFGF4 were
analyzed in the presence of PD173074 (0.01 uM) for a 3-day culture period with 0.4% CS. Then, cell numbers were counted.
Data are expressed as mean + SE (n = 6 independent wells). *p < 0.01; significantly different between the presence and
absence of HispFGF4 or PD173074. The panel is representative of two independent trials.

(B) PEF SV40 cells were cultured in a 96-well plate as indicated in A. The growth-promoting activities of 0.1 nM HispFGF4
and RhFGF4 were analyzed in the presence of varying concentrations of PD173074 for a 3-day culture period with 0.4%
CS. WST-1 reagent was added to each well and incubated for an additional 3-hour period. The absorbance was measured
using a microplate reader at 450/655 nm. Data are expressed as mean + SE (n = 8 independent wells). *p < 0.01; significantly

different between the presence and absence of FGF4 or PD173074. The panel is representative of two independent trials.
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Fig. 2. Expression of FGFR?2 transcripts in PEF SV40 cells.

The expression of FGFR?2 transcripts in PEF SV40 cells was analyzed
qualitatively by PCR using cDNA (with reverse transcriptase reaction,
+RT) as a template and RNA prepared from the cells as a negative
control (without reverse transcriptase reaction, -RT). The size of the
PCR product was 252 bp.
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Fig. 3. Effect of HispFGF4 on cell growth of mouse embryonic
fibroblast Balb/c 3T3 cells.

(A) Effects of 1 nM HispFGF4 on cell growth of Balb/c 3T3 cells
were analyzed as described in the legend of Fig. 1A. Data are
expressed as mean = SE (n = 6 independent wells). *p < 0.01 versus
the control (HispFGF4, 0 nM). The panel is representative of two
independent trials.

(B) Effects of HispFGF4 on cell growth of Balb/c 3T3 cells were
analyzed as described in the legend of Fig. 1B. Data are expressed as
mean = SE (n = 8 independent wells). *p < 0.01 versus the control
(HispFGF4, 0 nM). The panel is representative of two independent
trials.
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Summary

Fibroblast growth factor 4 (FGF4) is considered a crucial gene in the development of mammalian
embryos. We recently determined the coding exons of porcine FGF4 in identified breeds, and produced
HispFGF4, a 6x histidine-tagged porcine FGF4 (proline’ —leucine®), in Escherichia coli. Here, we
demonstrated a possible mechanism underlying HispFGF4 action in porcine-derived cells. The growth-
promoting activity of HispFGF4 was potently inhibited by PD173074, a representative FGF receptor
inhibitor, in porcine embryonic fibroblast PEF SV40 cells expressing a transcript encoding FGF receptor 2.
HispFGF4 also stimulated cell growth of mouse embryonic fibroblast Balb/c 3T3 cells. Taken together, we
suggest that HispFGF4 is capable of promoting cell growth of porcine-derived cells via an authentic FGF
signaling pathway, as well as murine-derived cells. We consider that HispFGF4 is useful for analyzing the

effects of FGF4 and the molecular mechanisms underlying FGF4 actions in the pig.
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