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NATURE | VOL 390 4 DECEMBER 1997

TGF-p signalling from cell
membrane to nucleus through
SMAD proteins

Carl-Henrik Heldin, Kohei Miyazono & Peter ten Dijke

The recent identification of the SMAD family of signal transducer proteins has unravelled the mechanisms by which
transforming growth factor-g (TGF-§) signals from the cell membrane to the nucleus. Pathway-restricted SMADs are
phosphorylated by specific cell-surface receptors that have serine/threonine kinase activity, then they oligomerize
with the common mediator Smad4 and translocate to the nucleus where they direct transcription to effect the cell’s
response to TGF-£. Inhibitory SMADs have been identified that block the activation of these pathway-restricted
SMADs.

Nature © Macmillan Publishers Ltd 1997 465
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“X Transcriptional control by the TGF-p Smad signaling system
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“X Regulation of body mass growth through ctivin type IIB receptor in teleost fish
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“X Characterization of fish muscle type i collagen
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Cryptotanshinone attenuates airway remodeling by inhibiting crosstalk between
TWEAK and TGF-E1 signaling pathways in asthma
CWang, M Zheng, ¥ Choi, J Jiang, L Li, J Li... - Frontiers in ..., 2019 - frontiersin.org

... the level of OVA-specific IgE in BALFs. CTS alzo inhibited the expressions of a-SMA,
TWEAK, Fnid, TGF-51, Smad4 and phosphorylation of Smad2/3 and STAT3 (Tyr705).
In comparison to TWEAK inhibitor or TWEAK siRNA

w YWY FE2TEE ESEEER O

Correlation between S100A11 and the TGF-B41/SMAD4 pathway and its effects

on the proliferation and apoptosis of pancreatic cancer cell line PANC-1

¥F Ji, T Li, F Jiang, WK Ni, CQ Guan, ZX Liu... - Molecular and cellular ..., 2019 - Springer

... Effects of TGF-G1-siRNA interference on TGF-31, SMAD4, P21 WAF1 , 5100411 protein, and
mRMNA expression in PANC-1 cells .. b TGF-£1, SMAD4, P21 WAF1 |, and S100A11 mRNA
expressions were determined by quantitative polymerase chain reaction (qPCR) ...
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Magnesium isoglycyrrhizinate ameliorates high fructose-induced liver fibrosis in
rat by increasing miR-375-3p to suppress JAKZ/STAT3 pathway and TGF-
B1/smad ...

Y Yang, X Zhao, H Xu, 5 Wang, ¥ Pan... - Acta Pharmacologica ..., 2019 - nature_com

Article.
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MiR-146a attenuates liver fibrosis by inhibiting transforming growth factor-p1
mediated epithelial-mesenchymal transition in hepatocytes

¥ Zou, S Li, ZLi, D Song, S Zhang, @ Yao - Cellular signalling, 2019 - Elsevier

Skip to main content ...
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INHBA gene silencing inhibits gastric cancer cell migration and invasion by
impeding activation of the TGF-B signaling pathway

ZL Chen, L Qin, XB Peng, ¥ Hu_.. - Journal of cellular ..., 2019 - Wiley Online Library

... RT-gPCR and western blot analysis were applied in order to determine the mRMA and protein

expression of INHBA, TGF-51, Smad4, VEGF, AKT, Smad7, and PTEM and phosphorylated smad2,
smad3, and AKT proteins in the GC tissues, and the results (Figure 3a—c ...
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Smad4-dependent regulation of type | collagen expression in the muscle of grass
carp fed with faba bean

E Yu, L Ma, H Ji, Z Li, G Wang, J Xie, D Yu, G Kaneko... - Gene, 2019 - Elsevier

Skip to main content ...
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pRNA-6.1/Neo-Smad4(I). pRNA-6.1/Neo-Smad4(II)F1 pRNA-6.1/ Neo-Smad4 (III),
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shRNA FEFFIfy% 1T shRNA (short hairpin)
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Ampicillin

FL.GATCCCGCAAGCTACGACTGCCTAATTGATATCCCGTTAGGCAGTICGTAGCTTGCTITITTICCAAA
RUAGCTTTTGGAAAAAAGCAAGCTACGACTGCCTAACGGATATCAATTAGGCAGTCGTAGCTTGCGG
Fl CATCCCGCATGCACATATGGTTICAATTCGATATCCGTTGAACCATATCGTIGCATGCTITITICCAAA
R AGCTITTGCAAAAAAGCATGCACATATGGTTCAACGGATATCAATTGAACCATATGTGCATGCGG
Py GATCCCGCAGGTITAGCTGTATCATITCGATATCCCATGATACAGCTAAACCTGCTITTITICCAAA
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F GATCCCGCATTTCAGCCACCGATATITCGATATCCCGATATCGGTGGCTGAAATGCTTTITICCAAA
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Relative mRNA and protein expressions of Collal in the muscle of grasscarp (crisp grass carp fed with faba bean/the
control). Control is the muscle of grass carp before the initiation of faba bean feeding. Groups 30 d, 60 d, 90 d and 120
d are crisp grass carp fed with faba bean for 30, 60, 90 and 120 days, respectively.

The mRNA levels of Collal gene were detected by real-time PCR and were normalized to the levels of EFla (internal
control). Collal proteins were detected by Western blot, and relative protein expression levels

were calculated by using the Quantity One software using -actin protein as the reference. Results are expressed as
means + standard error (bars in the graph) from three fish (n=3). Bars with different letters indicate the significant
difference (P < 0.05). Collal, Collagen type I alpha 1.
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mRNA-Collo2
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Relative mRNA and protein expressions of Col/la2 in
the muscle of grass carp (crisp grass carp fed with
faba bean/the control). Control is the muscle of grass
carp before the initiation of faba bean feeding. Groups
30d, 60 d, 90 d and 120 d are crisp grass carp fed
with faba bean for 30, 60, 90 and 120 days,
respectively.
The levels of Colla2 protein and mRNA were
quantified by Western blot and real-time PCR,
respectively, and relative protein expression levels
was calculated as described Fig. 1 legend. Results are
expressed as means + S.E. (bars in the graph) from
three fish (n=3). Bars with different letters indicate
the significant difference (P < 0.05). Colla2,
Collagen type I alpha 2.
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ANALYSIS AND DISCUSSIO

Relative mRNA and protein expressions of 7GF-
1 in the muscle of grass carp (crisp grass carp fed
with faba bean/the control). Control is the muscle
of grass carp before the initiation of faba bean
feeding. Groups 30 d, 60 d, 90 d and 120 d are
crisp grass carp fed with faba bean for 30, 60, 90
and 120 days, respectively.

The levels of TGF-B1 protein and mRNA were
quantified by Western blot and real-time PCR,
respectively, and relative protein expression levels
was calculated as described Figs.1 legend. Results
are expressed as means+S.E. (bars in the graph)
from three fish (n=3). Bars with different letters

indicate the significant difference (P < 0.05).
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Relative mRNA and protein expressions of
Smad4 in the muscle of grass carp (crisp grass
carp fed with faba bean/the control). Control
is the muscle of grass carp before the initiation
of faba bean feeding. Groups 30 d, 60 d, 90 d
and 120 d are crisp grass carp fed with faba
bean for 30, 60, 90 and 120 days, respectively.
The levels of Smad4 protein and mRNA were
quantified by Western blot and real-time PCR,
respectively, and relative protein expression
levels was calculated as described Figs.1
legend. Results are expressed as means+S.E.
(bars in the graph) from three fish (n=3). Bars
with different letters indicate the significant

difference (P < 0.05).
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ANALYSIS AND DISCUSSION

Expressions of Smad4 in the muscle of crisp grass
carp injected Smad4 over-expression vector. Control
fish were injected non-recombinant plasmid
(pcDNA3.1(+)). Groups 1 d,2d, 5d, 10d,15 d are
fish sampled 1, 2, 5, 10 and 15 days after injection,
respectively. The levels of Smad4 protein and
mRNA were quantified by Western blot and real-
time PCR, respectively, and relative protein
expression levels was calculated as described Figs.1
legend. Data are means+S.E. of three independent
experiments, and different letters indicate significant

differences (P < 0.05).
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Expressions of Collal in the muscle of crisp grass carp
injected Smad4 over-expression vector. Control fish
were injected non-recombinant plasmid (pcDNA3.1(+)).
Groups 1d,2d,5d, 10d,15 d are fish sampled 1, 2, 5,
10 and15 days after injection, respectively. The levels
of Collal protein and mRNA were quantified by
Western blot and real-time PCR, respectively, and
relative protein expression levels was calculated as
described Figs.1 legend.

Data are means+S.E. of three independent experiments,
and different letters indicate significant differences (P <

0.05).
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Expressions of Colla2 in the muscle of crisp grass
carp injected Smad4 over-expression vector. Control
fish were injected non-recombinant plasmid
(pcDNA3.1(+)). Groups 1 d,2d,5d, 10d,15 d are
fish sampled 1, 2, 5, 10 and 15 days after injection,
respectively. The levels of Colla2 protein and mRNA
were quantified by Western blot and real-time PCR,
respectively, and relative protein expression levels
was calculated as described Figs.1 legend.

Data are means+S.E. of three independent
experiments, and different letters indicate significant

differences (P < 0.05).
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ANALYSIS AND DISCUSSION

Expressions of Smad4 in the muscle of crisp grass
carp injected Smad4 RNAI1 vector. Control was
injected using the non-recombinant plasmid
(pPRNAU6.1/Neo). 1d,2d,d, 10d, 15 d were
injected RNAI vector for 1 day, 2 days, 5 days,10
days and 15 days. The levels of Smad4 protein and
mRNA were quantified by Western blot and real-
time PCR, respectively, and relative protein
expression levels was calculated as described
Figs.1 legend. Data are means+S.E. of three
independent experiments, and different letters

indicated significant different (P < 0.05).
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ANALYSIS AND DISCUSSION
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Expressions of Collal in the muscle of crisp grass carp
injected Smad4 RNAI vector. Control was injected
using the non-recombinant plasmid (pRNAU6.1/ Neo).
1d,2d,5d,1d, 15d were injected RNAi vector for 1
day, 2 days,5 days,10 days and 15 days. The levels of
Collal protein and mRNA were quantified by Western
blot and real-time PCR, respectively, and relative
protein expression levels was calculated as described
Figs.1 legend. Data are means+S.E. of three

independent experiments, and different letters

indicatedsignificant different (P < 0.05).
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Expressions of Colla2 in the muscle of crisp grass carp
injected Smad4 RNA1 vector. Control was injected using the
non-recombinant plasmid (pRNAU6.1/ Neo). 1d,2d, 5 d,

10 d,15 d were injected RNA1 vector for 1 day, 2 days,

5 days,10 days and 15 days. The levels of Colla2 protein and
mRNA were quantified by Western blot and real-time PCR,
respectively, and relative protein expression levels was
calculated as described Fig. 1 legend. Data are means + S.E.
of three independent experiments, and different letters

indicated significant different (P < 0.05).
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In sum, this study demonstrated that in grass carp fed with faba bean, both
mRNA and protein expressions of key factors of the TGF-f1/Smads pathway
increase in association with the expression of type I collagen. Over-expression and
knock down of Smad4 led to the significant increase and decrease of both mRNA
and protein expressions of Collal and Colla2, respectively.

According to these results, Smad4 could be considered as an important
regulator of type I collagen in crisp grass carp.

Our study will provide an important mechanistic basis for the regulation of
type I collagen in the muscle of fish, and a reference for the nutritional regulation

for muscle hardness of fish.
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