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Molecular bases of multifunction of pluripotent TGF- 3 family members
with emphasis on signal transduction

MBI, D2, A R S
AT IRPR 0 IR, 2 A — TR, 4 TR

Masayuki Funaba !, Teruo Ikeda ? and Masaru Murakami 3

Laboratories of ! Nutrition, 2 Veterinary Microbiology I, and > Molecular Biology, Azabu University School of Veterinary Medicine

Abstract. In order to gain better understanding on multifunction of pluripotent TGF-f family members at the
molecular level, the genes that were up-regulated in response to treatment with members of the TGF-f family
were investigated in mouse bone marrow-derived cultured mast cells (BMMC). The cDNA microarray
analyses indicated that in BMMC, five genes were induced by treatment with 4 nM activin A, a member of the
TGF- family, for 2 h. Tocopherol-associated protein (Tap) was one of the induced genes, and the Tap
induction in response to activin A treatment was confirmed by competitive RT-PCR and real-time RT-PCR
analyses. Treatment with TGF-8; at 200 pM but not BMP-2 at 4 nM also increased Tap gene transcript in
BMMC. Activin A-induced Tap expression was detected in BMMC and MC/9 mast cells but not in RAW264
macrophage-like cells, B16 melanoma cells or P19 embryonic carcinoma cells. Treatment with > 1 uM
SB431542, an inhibitor of activin and TGF-f} type I receptors ALK4/5, reduced responsiveness of Tap
expression to TGF-;, whereas < 0.5 uM SB431542 effectively reduced TGF-f;-induced expression of mmcp-
1 and mmcp-7. Induction of Tap was also detected in BMMC from Smad3-null mice, although the levels were
lower than observed with wild-type mice. These results suggest that Tap is induced not only through an
activated ALK4/5- and Smad3-mediated mechanism but also through an ALK4/5-independent mechanism.
Reporter assays indicated that Tap expression enhances transcription mediated by the activin/TGF-f pathway.
Thus, the present results suggest that Tap induction in response to activin/TGF-8 occurs predominantly in mast
cells and serves as a positive regulator in activin/TGF-f3 signaling.

1. B &

TGE-B7 7 3V —id, ¥E L, TGF-BE, activin
#, BMPERICRBI S, 30MEET R 5 X /38—
LI END, TGF-B7 7 I —IZBTHINLD
TS Vo7 B, B4 - bR MO R R
Bt 2E L 0BBICES L TwS (1), TGF-
B77 I —OMBEANERIZEICEL T, [TGE-B

TrIV—FUNRTEB)H Y FE L TIRZRK
FF—¥ ! NHEZHFERF S —BPEEBRIEET S &,
— D Smad ¥ VN7 BN VELEh, BRICE
B) L 7z Smad AR BIZ T OEE % 5§ 5 )
EVIETIIN (2) PRIBENTVAIZEERV, Y
Y RIE30EEZBR 55 FHMoN T 5DITH
LT, 1EZHEMRT7HEE, NEIEMERIT 48,
Smad Z8FE L PHOLNTBLT, TV Ik



SIRBESTHTH L TGR-B7 7 I ) —HEHBETH 2 EBH | ¥ 7 FIVEEOB S D 5 DET 161

BRZET TNV TTIGR-BT7 7 I —DERLE
WREEHHET LI LRIATRETH L, YTV FO%
BEE, SREF - — Y OREIE BB REE
FERE & DM EER MR RISEZ 28R, £
% TGF-B7 7 ) —DREFERIN TS LB
ENBHDOD, FEMICEL TERHLZIE W,

ORI B T, w7 A EHHEEREE < A M
Bl (BMMC) 1Z8\WTC, activin A & TGE-B; (&84 7%
EMEETLIEZWOPIILT: (3,4), REFET
i, <A MABICBIT S TGE-B7 7 2 ) — DRERHE
Faie 09 7% [ IRALIE O M 7 84T &2 X7z (5)o

2. B &

BMMC D5 fE, SEMBHKDOREE, cDNA
microarray, #4& HJRT-PCR, realtime RT-PCR,
reporter assay {XBEHR (3-5) DB AT 72,

3. BEREEE

BMMC DRI A activin A 2 ¥R L 2B Ik 2
HBEORIL % EEMICHARS 72, 4 nM activin A #L
HOoBMBICHFEINL B THOBENBENT %
Yale Univ. Biotech. Res. Lab. 2524t 3" % cDNA v 7
(OMMI13K) ZFIH L TiTo 7z, EkENE TNV %
75 2 T 13,443l D& {5T % cDNA microarray 752 &
S TCAZ Y ==V LR, 3EOERVTNIC
BWTD activin AT L > TEIEFRBEHEHRD
LNTBEETIESETHY (Table 1), TDHLD—
1%, CRAL/TRIOIFTIZGOLD FX A4 Y% EFT 5
tocopherol-associated protein (Tap) T@ - 72, Activin
ARLIERIZ X % BRHEIE, HAKRT-PCRE (Fig.
1A) *° realtime RT-PCR ¥ (Fig. 1B) 2 X o THHE
B3Nl COBEFFEIVAMBKRTDH S
MC/OIZBWT LD SN (Fig. 1A)s BMMC 128
\F % Tap DFEEIL, TGF-B; (200 pM) HHERIZ S F2

D HNTzDIZXT LT, BMP-2 (4 nM) HI#HEIZI3FR
oMol (Fig. 2A). 72, TGE-B Il L5
Tap FEIHHOY VR BEEREHEST 5
cycloheximide LRI X > CTHFEZ o 72 (Fig. 2B)o
—%, x7ua77—UHRKTSH 5 RAW264, X T
J —<HilRTH S Ble L IRMEEMKR T S
P19 Tid activin ALIZ X % Tap FEHROEMILFED
5N, TGF-B; % BMP-2 FlIA LTd Tap HH L

A

Activin A(hM): ¢ .01 '{,ln

0, 01 A

Target

Tap * Competitor

G3pdh (e @ 1 Mnget
Competitor
BMMC MC/9
B

— [ INone

[ I Activin A

2 204 TGF Py

g B2 BMP-2

E

'g 104

=

[

o a0 kX
Cell: BMMC Raw26 B18 P19

Fig. 1. Activin A and TGF- 51 but not BMP-2 increase Tap
gene transcript in mast cells. (A) Effects of activin A on
Tap transcript levels were examined by competitive RT-PCR
in BMMC and MC/9 mast cells. BMMC and MC/9 were
cultured with the indicated concentrations of activin A in o~
MEM with 10 % FCS and 10 % PWM-SCM for 2 h. PCR
using cDNA as a template was performed in the presence of
a constant amount of competitor. A representative agarose
gel electrophoresis of PCR products is shown. (B) BMMC,
RAW264 macrophage-like cells, B16 melanoma cells and
P19 embryonic carcinoma cells were cultured with activin A
(4 nM), TGF-f; (200 pM) and BMP-2 (4 nM) for 24 h.
Ligand was added to a-MEM with 10 % FCS and 10 %
PWM-SCM in BMMC, DMEM with 10 % FCS in RAW264
and P19 cells, and RPMI1640 with 10 % FCS in B16 cells.
Real-time quantitative RT-PCR was performed. The mRNA
level of Tap was expressed relative to G3pdh. The level of
mRNA in the absence of ligand was assigned a value of 1.

Table 1 Genes that are up-regulated in response to activin A treatment in BMMC

Accession Gene name Fold induction
number "Mean S.E.
BC005759 Tocopherol-associated protein 4.32 0.15
NM 023719 Thioredoxin interacting protein 342 1.73
X78543 MCP-Y1 3.37 0.31
AK017885 Rho-related GTP-binding protein tho H 1.78 0.25
BC005481 Elastin microfibril interface located protein 1 1.62 0.10
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Fig. 2. TGF- 3, increases Tap transcript levels in mast cells. (A) Time-course changes in Tap expression in
response to activin A, TGF-; and BMP-2. BMMC were cultured with activin A (4 nM), TGF-$; (200 pM)
and BMP-2 (4 nM) in o-MEM with 10 % FCS and 10 % PWM-SCM for the indicated time. (B) Effects of
a protein synthesis inhibitor cycloheximide on TGF-f;-induced Tap expression. BMMC were treated with
or without TGF-$; (200 pM) in the presence (+) or absence (—) of cycloheximide (0.5 pg/ml) for 12 h.
Real-time quantitative RT-PCR was performed. The mRNA level of Tap was expressed relative to G3pdh.
The level of mRNA in the absence of ligand and cycloheximide was assigned a value of 1.
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Fig. 3. Inhibition of TGF- 1-induced expression by the ALK4/5/7 inhibitor
SB431542. BMMC from wild-type or Smad3-null mice were treated
with or without TGF-$; (200 pM) for 24 h after pretreatment with the
indicated concentrations of SB431542 for 20 min. Real-time quantitative
RT-PCR was performed. The mRNA levels of Tap (A), mmcp-I (B) and
mmcp-7 (C) were expressed relative to G3pdh. The level of mRNA in
the absence of ligand and SB431542 was assigned a value of 1.
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Fig. 4. Expression of Tap enhances activin/TGF- 3-mediated transcriptional
activation. Along with B-galactosidase expression plasmid, HepG2, B16 and P19
cells were transiently transfected with mmep-7-luc, PAI-1-lu¢ and AR3-luc,
respectively. Cells were also transfected with or without Tap and activin BA (A)
and a constitutively active TGF-f receptor, ALK5-TD (B, C). For P19 cells,
FoxH3 plasmid was also transfected. At 40 h after transfection, cells were
harvested. Luciferase activity was normalized to f-galactosidase activity.
Luciferase activity in the cell lysates in the absence of activin BA, ALK5-TD and
Tap was assigned a value of 1. A representative result from three independent
experiments is shown. Data are expressed as the mean = SD (n = 3).
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