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Tetrahydrobiopteﬁn (BH4) deficiency is a
rare disorder affecting phenylalanine
metabolism in the liver and neurotransmit-
ters biosynthesis in the brain. In 1975, Smith
et al.! first reported these patients as ‘atypical
phenylketonuria (PKU)’ Patients with BH4
deficiency appear normal at birth, but experi-
ence symptoms such as intellectual disability,
progressive problems with development,
movement disorders, difficulty swallowing,
seizures and behavioral problems. Bartho-
lomé et al? reported that the neurological
signs in these patients were treatable by
the oral administration of the neurotransmit-
ter precursors 3,4-dihydroxyphenylalanine
(L-DOPA) and 5-hydroxytryptophan (5-
HTP), both of which cross the blood-brain
barrier. Shintaku et al® recommended that
this treatment be started within 2 months of
birth to help prevent neurological damage.
Therefore, the expression ‘BH4 deficiency’
should be used rather than the terms ‘atypical
PKU’ or ‘malignant hyperphenylalaninemia
(HPAY?

BH4 is an essential cofactor in the
enzymatic hydroxylation of three aromatic
amino acids (phenylalanine, tyrosine and
tryptophan}. BH4 is synthesized from guano-
sine triphosphate (GTP) catalyzed by GTP
cyclohydrolase 1, 6-pyruvoyl-tetrahydropterin
synthase (PTPS) and sepiapterin reductase. In
aromatic amino acids hydoxylating sys-
tem, BH4 is regenerated by pterin-4a-carbino-
lamine dehydratase and dihydropteridine
reductase. (DHPR).3 They all follow an auto-
somal-recessive mode of inheritance and the

H Shintaku 15 at the Department of Pediatrics, Osaka
City University Graduate School of Medicine, Osaka,
Japan.

E-mail: shintakuh@med.osaka-cu.ac.jp

gene mutations of all five enzymes have been
reported.” The incidence of BH4 deficiency is
at 1 in 1000000, except that in Taiwanese
(much higher than that in Japanese and in
Caucasians).>® Liu et al” reported that the
BH4-deficient HPA was estimated to make up
around 30% of the Chinese population in
Taiwan suffering from HPA, which is much
higher than in Caucasian populations (1.5~
2% of HPA). In Taiwan approximately 86%
of BH4-deficient HPA in the Chinese popula-
tion was found to be caused by PTPS defi-
ciency, although it is the most common form
of BH4 deficiency in the world.

BH4 deficiency has been diagnosed in
patients with HPA by neonatal mass screen-
ing based on BH4 oral loading tests, analysis
of urinary or serum pteridines and measure-
ment of DHPR activity in the blood from a
Guthrie card. BH4 deficiency without treat-
ment causes combined symptoms of HPA
and neurotransmitter (dopamine, norepi-
nephrine, epinephrine and serotonin) defi-
ciency, such as red hair, psychomotor
retardation and progressive neurological dete-
rioration, as mentioned before. Treatment of
BH4 deficiencies consists of BH4 supplemen-
tation (2-20mgke™ per day} or diet to
control the blood phenylalanine concentration
and replacement therapy with neurotransmit-
ters precursors (L-DOPA/CarbiDOPA and
5-HTP), and supplements of folinic acid in
DHPR deficiency.’

In this issue of the Journal, Chiu er al8
investigated mutations in the patients with
PTPS (gene symbol: PTS) deficiency in
East-Asian populations and increased our
understanding of the mutation spectrum
and founder effects affecting the PTS gene
in East-Asian populations.® The patients were
from 176 families (Han Chinese populations:

156 families, Japanese: 6 families, South Kor-
ean: 7 families, Thai: 3 families and Filipinos: 4
families) and total of 352 mutations were
analyzed. Mutations found in these patients
were strongly linked to a microsatellite marker,
D115§1347. Among these, five mutations were
the most common in East Asia. These muta-
tions were not located in CpG hot spots. These
results indicate that each of the common
mutations came from a single ancestor. The
authors suggested that the founders were
ancient Chinese of Mainland China. In con-
trast, Okinawan people in Japan and Filipinos
each showed a unique mutation in PTS.? This
result suggests that these two separated regions
had their own founders.

What key concepts and lessons can be
derived from this study?

First, the author investigated PTPS-
deficiency patients of the Han people in
Taiwan, Mainland China and Malaysia in
this study. Patients of other countries such
as Japan, South Korea and Philippine were
also analyzed. The results indicate that
mutations of the PTS gene in Fast Asia
were within the area of D11S1347, which
is important and useful in diagnosing
patients with PTPS-deficiency in East Asia.

Second, five common mutations were
found in patients of Mainland China on the
coast and those of the Han people in other
countries. Some of those mutations were
found only in East Asia. It is better to collect
the information of patients in inland Main-
land China, the Mongolian people and other
countries to investigate the origin of those
mutations.

Third, the author reports that the preva-
lence rate of HPA in each East-Asian country
was lower than that of the Caucasian
population. However, the incidence of BH4
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deficiency among HPA in East-Asian countries
was higher than that of the rest of the world. It
is possible that several founder events occurred
in the Han people (or other neighboring
peoples) and those mutations spread over
other areas along with the immigration of
the Han people. It would be of interest to
compare mutations of the PTS gene in East
Asia and in other parts of the world, for it may
reveal early human migrations in ancient
times. The patients of the two isolated regions
(Okinawa islands in Japan and the Philip-
pines) showed other types of mutations
in the PTS gene.” It was suggested that other
founder events have occurred in those areas.
In conclusion, this study represents the
usefulness of microsatellite marker, D1151347

to screen of PTPS deficiency in East Asia.
These mutations were mainly observed in
patients of the Han people. The high preva-
lence rate of PTPS deficiency in the Han
people would explain the high incident rate
of this disorder in East Asia.
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Phospho-Ser727 of STAT3 regulates STAT3 activity by
enhancing dephosphorylation of phospho-Tyr705 largely

through TC45
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Signal transducer and activator of transcription 3 (STAT3) is a latent cytoplasmic transcription
factor. It is activated by cytokines, including interleukin-6 (IL-6) through phosphorylation at
Tyr705 (pY705), which is required for its dimerization and nuclear translocation. However,
the role of Ser727 phosphorylation, occurring during activation, remains poorly understood.
Using a combination of HepG2-stat3-knockdown cells reconstituted with various STATS3
mutants and protein kinase inhibitors, we showed that phospho-8727 has an intrinsic mecha-
nism for shortening the duration of STAT3 activity, in turn shortening the duration of socs3
mRNA expression. Both STAT3IWT and STAT3Ser727Asp (8727D) but not STAT3Ser727Ala
(S727A) showed rapid dephosphorylation of pY705 after the inhibition of tyrosine kinases. We
found that the nuclear TC45 phosphatase is most likely responsible for the phospho-S727-
dependent pY705 dephosphorylation because TC45 knockdown caused prolonged pY705 with
sustained socs3 mRINA expression in STAT3WT but not in STAT3S727A, and overexpressed
TC45 caused rapid dephosphorylation of p¥Y705 in STAT3WT but not in STAT3S727A. We
further showed that phospho-8727 did not affect the interaction of TC45 with STATS3, and
that a reported methylation at K140 of STAT3 occurring after phospho-8727 was not involved
in the pY705 regulation. These findings indicate that phospho-Ser727 determines the duration

of STAT3 activity largely through TC45.

Introduction

Cells have multiple receptors and complex signal
transduction mechanisms for receiving and integrating
extracellular information to respond properly by initi-
ating the processes for survival, cell proliferation, cell
death, differentiation, senescence, and even tumori-
genesis. The signal transducer and activator of tran-
scription  (STAT) family of proteins are latent
transcription factors that are activated in the cyto-
plasm in response to cytokines and growth factors and
participate in various critical cellular processes (Levy
& Darnell 2002). Once activated through tyrosine
phosphorylation of its critical tyrosine residue in the
carboxy-terminal region, STAT protein homo- or
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heterodimerizes, translocates to the nucleus, and binds
to the specific DNA sequences to regulate mRNA
expression from by its target genes (Darnell ef al.
1994; Darnell 1997). Most STAT family members are
phosphorylated at one or two serine residues in the
carboxyl-terminal transactivation domain in addition
to the critical tyrosine phosphorylation (Decker &
Kovarik 2000). Although the roles of tyrosine phos-
phorylation of signal transducer and activator of tran-
scription 3 (STAT3) proteins are well characterized,
the roles of serine phosphorylation of STATs have
been controversial (Decker & Kovarik 2000).

STAT3 is activated through tyrosine phosphoryla-
tion of Tyr705 in response to factors such as the
interleukin-6 (IL-6) family cytokines, platelet-derived
growth factor, and epidermal growth factor (Hirano
et al. 1999). It has been shown that Ser727 of STAT3
is phosphorylated by various kinases, including
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mitogen-activated  kinases (MAPK), H7-sensitive
kinase, protein kinase C8, cyclin-dependent kinase 5
(CDKS5), the mammalian target of rapamycin kinase
(mTOR), nemo-like kinase (NLK), death-associated
protein kinase 3 (DAPKS3), and mitogen- and stress-
activated kinase 1 (MSK1), depending on the stimulus
and cell type used (Boulton et al. 1995; Chung et al.
1997, Jain eral. 1999; Yokogami ef al. 2000; Abe
et al. 2001; Wierenga er al. 2003; Fu eral. 2004;
Ohbhkawara et al. 2004; Kojima et al. 2005; Sato ef al.
2005). Although phosphorylation of Ser727 has been
suggested to exert positive effects on STAT3-depen-
dent gene activation (Wen efal. 1995; Abe et al.
2001; Shen et al. 2004), most likely through recruit-
ing coactivator proteins (Schuringa et al. 2001; Lufei
et al. 2007; Lee et al. 2009), some reports have sug-
gested that phosphorylation of Ser727 represses
STAT?3 activity (Chung et al. 1997). This controversy
may reflect the dual roles of phospho-Ser727 or may
result from the lack of a proper method for evaluating
the role of phospho-Ser727 of STAT3: most works
relied on the use of the STAT3Ser727Ala (S727A)
mutant to study the role of phosphoSer727 (Wen
et al. 1995; Abe et al. 2001; Shen et al. 2004). How-
ever, a recent report by Sun et al. (2006) showed that
the LPMSP motif itself around the Ser727 of STATS3,
rather than phospho-Ser727, was important to recruit
p300 to STAT3 and the STAT3-bound DNA region,
indicating the problem of relying on the use of one
mutant of STAT3. Similarly, there are difficulties
with the use of protein kinase inhibitors to evaluate
the role of Ser727 phosphorylation because of their
specificity problems.

STATS3 activity is primarily dependent on the level
of phosphorylation at Y705, which is regulated by
the activities of tyrosine kinases and tyrosine phospha-
tases specific to STAT3 (Mertens & Darnell 2007).
Several protein tyrosine phosphatases (PTPs), includ-
ing Src-homology-2 protein phosphatase-1 and 2
(SHP1, SHP2), T-cell PTP (TC-PTP/TC-45), and
PTP receptor T (PTPRT), have been shown to regu-
late the level of pY705 of STAT3 (ten Hoeve ef al.
2002; Yamamoto et al. 2002; Zhang et al. 2007; Kim
et al. 2010). Naturally, cessation of further tyrosine
phosphorylation of STAT3 by inhibiting the activities
of tyrosine kinases toward STAT3 is another mecha-
nism of regulating the level of STAT3 activity. In the
IL-6 receptor system, IL-6 signaling has such negative
regulatory systems, one is an inhibitory loop through
SHP2 (Schmitz et al. 2000) and another through sup-
pressor of cytokine signaling 3 (SOCS3) (Nicholson
et al. 1999; Yoshimura ef al. 2007). SHP2, a tyrosine
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phosphatase with two SH2 domains, has been shown
to be recruited to the tyrosine-phosphorylated YSTV
motif of gpl30 and phosphorylated on its tyrosine
residues (Stahl et al. 1995). SHP2 not only activates
the Ras-MAPK pathway by interacting with Grb2-
SOS (Li et al. 1994; Fukada et al. 1996) but also inac-
tivates both JAK tyrosine kinases, which are associated
with the signal transducing subunit gp130 in the IL-6
receptor complex, and STAT3 by dephosphorylating
them (Schmitz et al. 2000; Lehmann ef al. 2003).
SOCS3 is rapidly induced mainly by STAT3 together
with ERK1/2 activity and other transcription factors,
and binds to the phosphorylated YSTV-motif of
gp130 to inhibit JAK kinase activity, resulting in the
cessation of further activation of STAT3 (Schmitz
et al. 2000; Terstegen ef al. 2000; Lehmann et al.
2003).

Here, we report that phosphorylation of Ser727 of
STAT3 intrinsically, not via the negative regulatory
loop through SOCS3, regulates the duration of
STAT3 activity by promoting dephosphorylation of
STAT3 pY705, which shortens the duration of tran-
scriptional activity. We show that the nuclear TC45
phosphatase is most likely responsible for the phos-
phoSer727-dependent dephosphorylation of pY705.

Results

Duration of STAT3-dependent mRINA expression
partly determined by state of Ser727

The role of phosphorylation of Ser727 in STAT3 still
remains elusive. To assess the roles of phosphorylation
of Ser727, we used HepG2-stat3-knockdown (Stat3KD)
cells reconstituted with various STAT3 mutants as
described previously (Zhao et al. 2004). For this study,
we introduced siR NA-resistant STAT3 natural proteins
without a tag into HepG2-stat3KD cells by a lentiviral
expression system. The expression levels of introduced
genes were evaluated either by quantitative real-time
PCR (qgRT-PCR) for the mRNA levels or immuno-
blot analysis for the protein levels. The STAT3 protein
levels were comparable in STAT3-reconstituted
HepG2-STAT3WT cells and STAT3Ser727Ala-
reconstituted HepG2-STAT3S727A cells (Fig. 1A).
Then we examined the effect of mutation on the levels
of STAT3-dependent gene expression. The socs3 gene
was chosen as a STAT3 target gene because the IL-6
induction of socs3 mRINA expression is mostly
dependent on the STAT3 activity in HepG2 cells (data
not shown). In HepG2-STAT3WT cells, the socs3
mRNA level increased rapidly after stimulation with

© 2012 The Authors
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Figure 1 STAT3S727A mutant activates the socs3 gene, one of STAT3 target genes, at a lower level but for longer period than
STAT3 wild type. (A) Whole-cell extracts from HepG2-stat3KD, HepG2-STAT3 wild type (WT) and HepG2-STAT3Ser727Ala
(S§727A) were examined for expression of STAT3 by immunoblotting using an anti-STAT3 Ab. The level of B-actin ensured equal
loading. (B) HepG2-STAT3WT cells and HepG2-STAT3S727A cells were stimulated with IL-6 at 20 ng/mL for the indicated
times, and total RINAs were extracted. The socs3 mRNA expression levels in total RNA were measured by qRT-PCR.. The level
of GAPDH mRINA was used for normalization. The data are averages of three independent experiments; error bars are the stan-
dard deviations. (C) HepG2-STAT3WT cells and HepG2-STAT3S727A cells were infected with a lentivirus for the chimeric
receptor G-CSFR-gp130 containing the intracytoplasmic gpl130 truncated at 108 AA linked with the YRHQ motf
(G108YRHQ). The mRNA levels for the chimeric receptor were measured by gRT-PCR. Samples were assayed in triplicate.
The average level of GI08YRHQ mRNA from HepG2-STAT3WT-G108YRHQ is approximately 15% higher than that from
HepG2-STAT38727A-G108-YRHQ. (D) HepG2-STAT3WT-G108YRHQ cells and HepG2-STAT3S727A-G108YRHQ cells
were stimulated with G-CSF at 50 ng/mL for the indicated times. The socs3 mRINA levels were measured as in (B). The data are

averages of three independent experiments. Error bars are the standard deviations.

IL-6, with a peak at 60 min, and it had declined sharply
by 180 min. In contrast, the socs3 mRINA expression in
IL-6-stimulated HepG2-STAT3S727A cells was two-
to threefold lower than that in HepG2-STAT3WT
cells at 30, 60, and 90 min after IL-6 stimulation, but
interestingly the socs3 mRINA level was sustained up to
360 min, suggesting that the intact Ser727 is required
not only for the maximal transcription but also for the
restricted duration of its transcription. We first focused
on the increased duration of STAT3-dependent
mRNA expression observed in HepG2-STAT3S727A
cells. It has been known that SOCS3 protein, which is
rapidly induced in a STAT3-dependent manner with
the help of other factors, effectvely inhibits further
activation of STAT3 by suppressing JAK kinases
through binding to the phosphorylated YSTV motif of
gp130 (Schmitz ef al. 2000). To test whether this is the
only mechanism responsible for the difference in the

© 2012 The Authors

duration of STAT3-dependent mRNA expression, we
proceeded to test the duration of STAT3 activity under
conditions in which the inhibitory effect of SOCS3
was neglected. For this purpose, we introduced a
G-CSFR-gp130 chimeric receptor, named G108YRHQ,
which contains a short cytoplasmic domain up to 108
amino acid residues linked with a YRHQ motif, one
of the YXXQ motifs in gpl30, for activation of
STAT3 (Abe eral. 2001; Kojima et al. 2005) into
both STAT3 reconstituted cells. The levels of
G108YRHQ mRNA in both types of reconstituted
cells were roughly comparable (Fig. 1C). The durations
of STAT3-dependent mRNA expression were
evaluated in these cells. Upon stimulation of HepG2-
STAT3S727A-G108YRHQ cells with G-CSF, the
level of socs3 mRINA reached a peak at 3 h which was
sustained up to 9 h, showing a kinetic pattern different
from that observed in HepG2-STAT3-GYRHQ cells
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(Fig. 1D). These findings indicate that some mecha-
nisms intrinsic to the state of Ser727 contribute to the
difference in the duration of STAT3-dependent
mRINA expression.

STAT3S727A mutant causes prolonged binding of
STAT3 and Pol II to the socs3 gene promoter

The strength and duration of STAT3 transcriptional
activity is likely to be determined by multiple factors,
including the amount of STAT3 bound to the regula-
tory regions of the target genes and the constituents
of proteins modifying or interacting with STAT3.
We then examined the recruitment of STAT3 pro-
teins and RNA polymerase II to the socs3 gene using
a chromatin immunoprecipitation (ChIP) assay. The
tested regions corresponded to the promoter region
and distal part of the open reading frame (ORF)
(Fig. 2A). The socs3 gene promoter region has two
STAT?3 binding sites and an activation protein-1 (AP-
1) binding site. After IL-6 stimulation, STAT3WT
was rapidly recruited to the socs3 gene promoter with
peaks around 15 and 30 min, and the level had
declined rapidly by 90 min, and gradually increased
again up to 3 h. In contrast, the recruitment of
STAT3S727A reached almost a plateau at 30 min, the
level was sustained with a small peak at 90 min, and
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rrmea OTANENT
-115 49 2899 3024
Promoter 3’ ORF region

) : AP-1 binding site
(O : STAT3 binding site

©
S’
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Percent input
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Percent input

gradually declined until 180 min. It is noted that the
amount of recruited STAT3S727A surpassed that of
STAT3IWT after 90 min of stmulation (Fig. 2B).
After the stimulation of HepG2-STAT3IWT cells
with IL-6, the levels of RINA Pol II bound to the
socs3 promoter and to the distal ORFE region showed
biphasic patterns similar to that of STAT3, whereas in
HepG2-STAT3S727A, the levels of RNA Pol II
bound to the socs3 gene promoter and to the distal
OREF region gradually increased and were sustained
up to 180 min after stimulation (Fig. 2C). Thus, the
kinetic changes in STAT3 recruitment to the socs3
gene promoter correlated well with the STAT3-
dependent socs3 gene activation, as judged by both
the Pol II binding to the socs3 gene body and the
socs3 mRINA levels shown in Fig. 1B.

Sustained nature of p¥705 in STAT3S8727A and
unphosphorylated STAT3

We thought it possible that prolonged binding of
STAT3 may reflect the sustained level of phosphoty-
rosine of STAT3 at Y705. As expected, STAT3S727A
showed phosphorylation at Y705 for a longer period
than STAT3WT (Fig. 3A). We next examined the
rate of dephosphorylation at Y705 in STAT3WT and
STAT3S727A. For this study, we also used HepG2

®
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Figure 2 Prolonged binding of STAT3S727A to the socs3 gene promoter correlates well with prolonged Pol II action. (A) Sche-
matic view of the human socs3 gene. The two tested regions, corresponding to the socs3 promoter region (=115 to —49) and the
distal part of 3° ORF (2899-3024), are underlined, and the two exons are depicted as black boxes. (B) HepG2-STAT3WT (WT)
and HepG2-STAT3S727A (SA) cells were stimulated with IL6 at 20 ng/mL for the indicated times. ChIP assay was carried out
with ant-STAT3. The immunoprecipitated DNAs were quantified by real-time PCR in duplicates with primers specific to the
socs3 promoter region (—=115 to —49). ChIP results are shown as a percentage of input. The averages of three independent experi-
ments are shown. Error bars are standard deviations. (C) ChIP assays were carried out as in (A), using anti-Pol II and primer pairs
specific to the socs3 promoter (—115 to —49: left panel) and the 3’ end of the socs3 gene (2899-3024: right panel). ChIP results are
shown as a percentage of input. A representative result from two independent experiments is shown.
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Figure 3 STAT3S727A showed sustained phosphorylation when tyrosine kinase activity was inhibited after stimulation. (A)
HepG2-STAT3IWT (left panel) and HepG2-STAT3S727A (right panel) cells were stimulated with [L-6 at 20 ng/mL for the indi-
cated times. Immunoblot analysis was carried out on whole-cell extracts (30 pg per lane) using anti-phospho-STAT3Tyr705
(pY705), anti-STAT3 and anti-beta-actin antibody. (B) HepG2-STAT3IWT, HepG2-STAT3S727A, and HepG2-STAT3Ser727-
Asp (STAT3S727D) cells were stimulated with [L-6 at 20 ng/mL for 15 min, treated with a potent kinase inhibitor, staurosporine
(abbreviated as ST: 0.5 pm) for inhibition of tyrosine kinases, and then left for a further 15, 30 and 45 min. pY705 levels of WCEs
were examined by immunoblotting. (C) HepG2-STAT3WT-G108YRHQ (left) and HepG2-STAT3S727A-G108-YRHQ (right)
cells were stimulated with G-CSF at 50 ng/mL for 15 min, treated with ST (0.5 pm), and then left for a further 15, 30, and
45 min. pY705 levels were monitored periodically as in (B) by immunoblotting. (ID) HepG2-STAT3WT cells were pretreated
without (left) or with (right) H7 (100 pm) and PID98039 (50 pm) for 30 min, then stimulated with IL-6 at 20 ng/mL for 15 min,
followed by ST (0.5 pm) treatment, and then pY705 levels were monitored periodically as indicated by immunoblotting using
anti-pY705, anti-STAT3, anti-pS727, anti-phospho-ERK1/2, anti-ERK, and anti-B-actin. The data representative from two or

three independent experiments with similar results are shown for this figure.

cells expressing another STAT3 mutant STAT3-
Ser727Asp (§727D) that mimics the phosphorylation
state at Ser727. To examine the dephosphorylation
process, HepG2 cells were stimulated with [L-6 for
15 min, and then treated with a potent kinase
inhibitor, staurosporine (ST), to inhibit further
phosphorylation (Haspel & Darnell 1999). The pY705
levels were monitored periodically by immunoblot
analysis. As shown in Fig. 3B, with inhibition of the
responsible tyrosine kinases for STAT3 phosphoryla-
tion, both STAT3WT and STAT3S727D showed a
rapid decrease in the level of pY705, whereas
STAT3S727A showed only minor decreases in the
level of pY705 even at 45 min after treatment with
ST. The level of pY705 in STAT3S727A slowly
decreased thereafter with being apparent after 120 min
(please see Fig. 4D). Although it was difficult to
estimate the levels of STAT3 proteins especially at
carly times after stimulation because of the broad shifts
of STAT3 proteins, the total STAT3 proteins during
the examined period seemed not to change signifi-
cantly (please see also Fig. 3D). We also tested the

© 2012 The Authors

possible role of ubiquitin-dependent degradation of
STAT3 in the rapid decrease of pY705 in wild-type
STATS3. Pretreatment of HepG2 cells with MG132,
an inhibitor of proteasome, did not affect either the
levels of STAT3 proteins or the levels of pY705
examined under the same conditions as used in
the Fig. 3B (Fig. S1 in Supporting Information).
Together, these findings indicate that the rapid
decrease in the level of pY705 observed in STAT3WT
is not because of the changes in the STAT3 protein
levels but reflects the level of phosphorylation itself.
These data also suggest that the S727A mutant is
resistant to the action of some tyrosine phosphatase(s).
The efficient dephosphorylation of pY705 in
STAT3WT and STAT3S727D suggests that Ser727
phosphorylation may provide a platform for the action
of some tyrosine phosphatase(s). The difference in the
dephosphorylation of pY705 between STAT3WT and
STAT3S727A could be observed in HepG2 cells
stimulated with the chimeric receptor activating only
the YXXQ-derived pathway (Fig. 3C), which has
been shown to cause Ser727 phosphorylation mostly
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Figure 4 Phospho-Ser727-dependent decrease in pY705 is largely mediated by TC45. (A) HepG2-STAT3-162-770 and HepG2-
STAT3-K214/215R cells, both of which are defective for nuclear translocation, were stimulated as in Fig. 3B. Immunoblot analy-
sis was carried out on whole-cell extracts (30 pg per lane) using pY705 and beta-actin antibody as a control. (B) TC45 was
knocked down (KD) in HepG2-STAT3WT and HepG2-STAT3S727A cells using a lentivirus for TC45 shRINA. The TC45
mRNA expression levels were measured by qRT-PCR.. The level of GAPDH mRINA was used for normalization. The remaining
TC45 mRNA levels in TC45-knockdown cells were approximately 25% of controls. (C) HepG2-STAT3WT-TC45KD
(STAT3IWT+TCA45KD: left panel) and HepG2-STAT3 S727A-TC45KD (STAT3S727A+TC45KD: right panel) cells were stimu-
lated with TL-6 for the indicated times. Immunoblotting was carried out on whole-cell extracts (30 yg per lane) using anti-pY705,
anti-STAT3, and anti-B-actin. (D) HepG2-STAT3WT and STAT3WT-TC45KD (left panel), HepG2-STAT3S727A and
STAT3S727A-TC45KD (right panel) cells were stimulated with IL-6 at 20 ng/mL for 15 min, treated with staurosporine
(0.5 um), and then left for the indicated times. pY705 levels were monitored by immunoblotting. It should be noted that incuba-
tion times of STAT3S727A mutant cells were longer than those of STAT3WT cells. (E) HepG2-STAT3WT and STAT3S727A
cells were infected with lentivirus for TC45 expression. The TC45 mRNA expression levels in total RNA from each sample were
measured by qRT-PCR. The level of GAPDH mRNA was used for normalization. (F) TC45-overexpressed HepG2-STAT3WT
(STAT3WTH+3XFlag-TC45: left panel) and TC45-overexpressed HepG2-STAT3S727A (STAT3S727A+3xFlag-TC45: right panel)
cells were stimulated with IL-6 for the indicated times. Western blotting was carried out on whole-cell extracts (30 jg per lane)
using anti-pY 705, anti-STAT3, anti-FLAG, and anti-B-actin Abs. (G) HepG2-STAT3IWT and HepG2-STAT3IWT-3xFlag-TC45
(STAT3WTH+3%Flag-TC45) (left panel) and HepG2-STAT3S727A and HepG2-STAT3S727A-3xFlag-TC45 (STAT3S727A+3x
FLAG-TCA45) (right panel) cells were treated as in (D). Western blotting was carried out on whole-cell extracts (30 pg per lane)
using anti-pY705, anti-FLAG, and anti-B-actin Abs. The data representative from two or three independent experiments with
similar results are shown for this figure.

Genes to Cells (2012) © 2012 The Authors
Journal compilation © 2012 by the Molecular Biology Society of Japan/Blackwell Publishing Ltd.

— 100 —



