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Persistent STAT3 activation is a critical event in tumorigenesis and metastatic progression. Recent studies
have found higher levels of STAT3 in metastatic tissues than in primary tumor tissues. We speculated that
such increased STAT3 activity might be attributed to a loss of function or reduction in expression of
metastasis inhibitory protein during cancer progression, and we therefore examined the role of tumor
metastasis-suppressor nm23-H1 in the activation of STAT3 in the A549 lung cancer cell line. We found
that IL-6-dependent induction of tyrosine phosphorylation and activation of STAT3 were influenced by
nm23-H1 inhibition. IL-6-induced STAT3™"7%> phosphorylation was significantly enhanced in A549 cells
transfected with siRNA specific for nm23-H1, and the effect of nm23-H1 depletion on IL-6-induced
STAT3™'7%95 phosphorylation was reversed by ectopic expression of shRNA-resistant nm23-H1 protein.
Moreover, STAT3 directly bound to the STAT3 binding site on the nm23-H1 promoter and activated its
expression. Thus, we have identified a new feedback mechanism that might provide insight into an in-
built metastasis-suppression function in tumor cells and which could be a logical new target for treat-
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ment of early metastatic disease.

© 2013 Elsevier Inc. All rights reserved.

1. Introduction

Lung cancer remains the leading cause of cancer-related deaths
worldwide. The 5-year survival for lung cancer remains remark-
ably low owing to relapses and metastasis. A better understand
is therefore needed of the molecular events that contribute to
the invasion and metastasis of this disease. Signal transducer and
activator of transcription 3 (STAT3) protein is constitutively acti-
vated in a wide variety of human cancers, and a functional contri-
bution of activated STAT3 in lung carcinogenesis has been
demonstrated in a number of recent studies [1-3]. Activated STAT3
not only upregulates genes that control cell proliferation, survival,
and angiogenesis but also promotes metastasis. Importantly, re-
cent studies showed higher levels of STAT3 expression in meta-
static tissues than in primary tissues [4,5], suggesting a pivotal
role of STAT3 in this process. We speculated that the increased
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STAT3 activity in metastasis might be attributed to a loss of func-
tion or reduction in expression of tumor metastasis inhibitory pro-
tein (metastasis suppressor) during cancer progression.

nm23-H1 was the first metastasis suppressor to be discovered,
by Steeg et al. [6] in a mouse tumor model. Since then, nm23-H1
expression levels have been widely studied in many human tumor
samples. An observed general pattern has been found that reduc-
tion or loss of nm23-H1 expression correlates with tumor progres-
sion and metastasis [7]. A similar pattern was validated by
transfection of the nm23-H1 gene into several highly metastatic
human tumor cell lines [8,9] and the nm23-H1 knockout mouse
[10]. Despite extensive study, however, the mechanism by which
nm23-H1 suppresses metastasis remains to be elucidated. We
therefore examined the role of the tumor metastasis suppressor
nm23-H1 in the activation of STAT3 in a lung cancer cell line.

2. Materials and methods
2.1. Cell culture and transfection

Cells of the human lung adenocarcinoma cell line A549 were
maintained in RPMI 1640 medium supplemented with 10% fetal

bovine serum. A5495"MM23-H1  cells with stably expressing
nm23-H1-specific short hairpin RNA (shRNA) were obtained and
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characterized in our laboratory by transducing A549 cells with a
lentiviral construct containing the nm23-H1 shRNA sequence
[11]. For transfection, cells were grown in six-well plates and
transfected in vitro with PolyJet™ DNA transfection reagent (Sign-
aGen Laboratories, Gaithersburg, MD) according to the manufac-
turer’s protocol.

2.2. Cloning and DNA construction

nm23-H1 Promoter reporter constructs were generated by PCR
amplification using purified genomic DNA as the template and the
primers listed in Table 1. The PCR products were inserted into the
Bgl II/Hind III sites of pGL3 basic vector (Promega, Madison, WI).
nm23-H1 cDNA was generated by PCR amplification using purified
total RNA as the template and the primers listed in Table 1. The
PCR products were digested with BamHI/Xbal and inserted into
the pcDNA3.1(+) vector. The plasmids STAT3, D/n-STAT3, and
STAT3 reporter were provided by Gao (Department of Urology
and Cancer Center, University of California at Davis, Sacramento,
CA).

2.3. Small interfering RNA

The nm23-H1-specific small interfering RNA (siRNA) (sense: 5'-
GGAACACUACGUUGACCUGtt-3"; anti-sense: 5'-CAGGUCAACGUA
GUUCCtt-3") was used to knockdown the expression of nm23-H1.
Scrambled siRNA was used for control experiments. All the siRNA
were purchased from Guangzhou RiboBio Company (Guangzhou,
PR China). Cells were transfected with 10 nM of specific or control
using 1 pL of GenMute™ siRNA and DNA transfection reagent
(SignaGen Laboratories, Gaithersburg, MD). Cells were treated with
interleukin-6 (IL-6) (Roche, San Francisco, CA) 24 h later.

2.4. Western blot analysis

Western blot analysis was performed as previously described
[12] using specific antibodies against nm23-H1 (Santa Cruz, CA),
pSTAT3™705 pSTAT3%"727  STAT3 (Cell Signaling Technology,
Danvers, MA), and B-actin (Sigma-Aldrich, St. Louis, MO).

2.5. Quantitative real-time RT-PCR analysis

Total cellular RNA was isolated from cells using the Trizol re-
agent (Invitrogen, Camarillo, CA) according to the manufacturer’s
instructions and quantified using a UV spectrophotometer (Beck-
man Coulter, Los Angeles, CA). RNA (2 ng) was reverse transcribed
using the M-MLV Reverse Transcriptase Kit (Promega) according to
the manufacturer’s protocol. The resultant cDNA (20 ng) was
mixed with ABI SYBR Green Master Mix (Applied Biosystems,
Carlsbad, CA) and primers for genes of interest and then amplified
using the ABI7500 Real-time PCR System (Applied Biosystems)

according to the manufacturer’s protocol. The forward and reverse
primers for each mRNA are shown in Table 1. The mean expression
of the housekeeping gene GAPDH (glyceraldehyde-3-phosphate
dehydrogenase) was used as an internal control. Each sample
was analyzed in triplicate for each gene.

2.6. Dual luciferase reporter assays

A549 cells were plated onto 12-well plates, and transfections
were performed at 60%-70% confluence. The nm23-H1 promoter
reporter constructs in combination with Renilla luciferase control
vector (pRL-CMV) were transfected along with relevant gene-spe-
cific expression plasmids. At 48 h post-transfection, the cell lysates
were prepared, and firefly luciferase and Renilla luciferase were as-
sayed according to the manufacturer’s protocol (Promega). The
firefly luciferase activity was normalized to that of Renilla lucifer-
ase. Each experiment was repeated three times in triplicate using a
multimode microplate reader (TriStar LB941, Berthold Technolo-
gies, Germany).

2.7. Chromatin immunoprecipitation (ChIP) assay

ChIP assays were performed as previously described [12]. The
resulting precipitated DNA samples were analyzed by PCR to am-
plify a 176-bp fragment of the nm23-H1 promoter with the follow-
ing primers: forward, 5-GCGAACGAAGGAAGTGAGTC-3'; reverse,
5-AGAGCCCATTTTGCAGAACA-3'.

2.8. Site-specific mutagenesis

Point mutations in the nm23-H1 promoters 927Mutl and
927Mut2 were generated by site-specific mutagenesis using the
overlap PCR extension method. nm23-H1 promoter 927 was used
as the template, and 927Mut1 PCR products were generated using
primers A, 5'-AAAAAGATCTCCATTTTTGTACCTTTCCCCCGT-3’ (for-
ward) and 5'-CGCTCACACGTTGCGTACCGTCCAAAGAGTGT-3' (re-
verse); and primers B, 5'-GCACTCTTTGGACGGTACGCAACGTG
TGAGCG-3' (forward) and 5'-AAAAAAGCTTCACTTGCACGCACG-
GAACG-3' (reverse). 927Mut2 PCR products were generated
using primers C, 5-AAAAAGATCTCCATTTTTGTACCTTTCCCCCGT-3’
(forward) and 5'-AGAGCCCATTTTGCATCCCACCGCTCGCCCAC-3' (re-
verse); and primers D, 5-GTGGGCGAGCGGTGGGATGCAAAATGG
GCTCT-3' (forward) and 5-AAAAAAGCTTCACTTGCACGCACG-
GAACG-3' (reverse). The PCR products were digested with Bgl 11/
Hind Il and subcloned into the pGL3-luciferase vector. shRNA-resis-
tant nm23-H1 cDNA was generated by PCR amplification using puri-
fied nm23-H1 cDNA-pcDNA3.1 plasmid as the template and the
following primers: 5'-CGCGGATCCATGGCCAACTGTGAGCGAACATT-
TATCGCCATCAAACCA-3"  (forward), 5'-GCTCTAGATCATTCATA-
GATCCAGTTCTGA-3’ (reverse). Then PCR products were digested
with BamHI/Xbal and subcloned into the pcDNA3.1(+) vector.

Table 1
Primers used for PCR amplifications.
Gene Region Primers
nm23-H1 —927 to +33 5'-AAAAAGATCTTAGATTGGTCTTTTGGTGTCGTC-3'
5'-AAAAAAGCTTCACTTGCACGCACGGAACG-3'
nm23-H1 —705 to +33 5'-AAAAAGATCTCCATTTTTGTACCTTTCCCCCGTT-3’
5'-AAAAAAGCTTCACTTGCACGCACGGAACG-3'
nm23-H1 —231to+33 5'-AAAAAGATCTTCAGGCACTCTTTGGACTTCACG-3’
5'-AAAAAAGCTTCACTTGCACGCACGGAACG-3'
nm23-H1 —149 to +33 5'-AAAAAGATCTAGAGAACCCGGGGGTGGAGAGAA-3'
5'-AAAAAAGCTTCACTTGCACGCACGGAACG-3'
nm23-H1 +228 to +686 5'-CGCGGATCCATGGCCAACTGTGAGCGTACCT-3’

5'-GCTCTAGATCATTCATAGATCCAGTTCTGA-3'

nm23-H1 +442 to +563

5'-AAAGGATTCCGCCTTGTTGGT-3’

5'-GCCCTGAGTGCATGTATTTCAC-3'
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2.9. Avidin-biotin complex DNA assay volume of 400 pl of immunoprecipitation buffer (50 mmol/L
HEPES, 150 mmol/L NaCl, 1 mmol/L EDTA, 0.5% NP-40, 10% glyc-

A total of 1000 pg of untreated or IL-6-treated A549 whole-cell erol, 1 mmol/L dithiothreitol, 1 mmol/L phenylmethysulfonyl fluo-
extract was incubated with 2 pg of biotinylated double-stranded ride, and 5 mmol/L NaF). After the addition of 50 KL equilibrated
oligonucleotides for 4 h with constant rotation at 4 °C in a total streptavidin agarose beads (Sigma), incubation was continued
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Fig. 1. nm23-H1 negatively regulates STAT3 activity. (A) A549 cells were seeded onto six-well plates and transfected with a control or nm23-H1-specific siRNA. At 48 h post-
transfection, cells were left untreated or were treated with indicated amounts of IL-6 for an additional hour. Western blots were used to detect pSTAT3™'7%5, pSTAT35¢7727,
total STAT3, nm23-H1, and c-Myc. Equal loading was demonstrated by probing with B-actin. Compared with control siRNA-treated cells, cells deficient in nm23-H1 showed
significantly higher levels of IL-6-induced pSTAT3™"7%, the downstream target of c-Myc. (B) A549 cells transfected with a control or nm23-H1-specific siRNA were treated as
described above in (A). Quantitative real-time PCR was performed for the analysis of mRNA expression levels of nm23-H1. Results are expressed as fold induction relative to
cells without IL-6 treatment after normalization to the GAPDH expression. The graph showed efficient knockdown of nm23-H1 mRNA expression in cells transfected with an
nm23-H1-specific siRNA and IL-6-induced fold induction of nm23-H1 mRNA levels of A549 cells transfected with a control siRNA (*p < 0.05 and **p < 0.01 for the difference
from the cells transfected with control siRNA without treatment; ##p < 0.01 for the difference from the 0.1 ng/mL IL-6-treated cells transfected with control siRNA; **p < 0.01
for the difference from the 1 ng/ml IL-6-treated cells transfected with control siRNA by ANOVA for multiple comparison). (C). A549 cells were stably transfected with a control
and an nm23-H1-specific ShRNA expression vector and treated with the indicated amounts of IL-6 for 1 h or were left as untreated control in serum-free medium. Western
blot analysis of pSTAT3™"7%, pSTAT3%¢"727, total STAT3, nm23-H1, c-Myc, and control B-actin showed that IL-6-induced STAT3 phosphorylation was significantly enhanced in
nm23-H1-depleted cells. (D) Expression levels of nm23-H1 mRNA were monitored by quantitative real-time PCR in A549 cells stably transfected with a control and an nm23-
H1 shRNA expression vector. Results are expressed as fold induction relative to cells without IL-6 treatment after normalization to the GAPDH expression (*p < 0.05 and
*p < 0.01 for the difference from the cells transfected with control shRNA without treatment; #**p < 0.01 for the difference from the 0.1 ng/mL IL-6-treated cells transfected
with control shRNA; **p < 0.01 for the difference from the 1 ng/mL IL-6-treated cells transfected with control shRNA by ANOVA for multiple comparison). (E) nm23-H1-
depleted A549 cells (A549°""™23-H) which were genetically engineered to express shRNA-resistant nm23-H1 protein, significantly suppressed STAT3 phosphorylation with or
without IL-6 treatment. (F) A549 cells stably expressing control or nm23-H1 shRNA were transfected with STAT3-responsive luciferase reporter constructs. Forty-eight hours
later, the luciferase activity was measured and normalized using the dual luciferase reporter system. The normalized firefly luciferase activity was markedly increased in
nm23-H1-depleted cells. The bars represent the mean (+SD) calculated from three independent experiments performed in triplicate (**p < 0.01 for the difference from the
control cells).
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Fig. 2. Active STAT3 induces nm23-H1 expression in A549 cells. (A) Western blot demonstrated increased nm23-H1 expression following 2 h of IL-6 stimulation. (B) Forty-
eight hours after transfection with an empty plasmid or a plasmid containing an expression construct for STAT3 or dominant-negative STAT3 (D/n-STAT3), total RNA was
isolated, and quantitative real-time PCR was performed using the primers for nm23-H1 and GAPDH mRNA. The levels of nm23-H1 mRNA were markedly increased in cells
overexpressing wild-type STAT3, while cells overexpressing D/n-STA3 had negligible levels of nm23-H1 mRNA (**p <0.01 for difference from empty plasmid transfected
control cells, **p < 0.01 for the difference from the cells transfected with 1 ug STAT3 construct; **p < 0.01 for the difference from cells transfected with 3 ug STAT3 construct
by ANOVA for multiple comparison). (C) A schematic representation of the nm23-H1 promoter region showing two potential STAT3 binding sites. 5'-UTR, 5'-untranslated
region. (D) A549 cells were transfected with a plasmid containing an expression construct for STAT3 or dominant-negative STAT3 and plasmids containing nm23-H1
promoter-driven luciferase or control luciferase reporter constructs. Forty-eight hours after transfection, luciferase activity was measured and normalized using the dual
luciferase reporter system (**p < 0.01 for difference from empty plasmid transfected control cells, **p < 0.01 for the difference from cells transfected with STAT3 construct by
ANOVA for multiple comparison). (E) A549 cells were subjected to ChIP assays after transfection with wild-type STAT3-expressing constructs using anti-STAT3 antibodies or
control IgG. PCR using primers specific for nm23-H1 promoter showed the predicted 176-bp band for each sample. (F) Schematic representation of nm23-H1 promoter
deletion constructs. (G) Forty-eight hours after transfection with one of four nm23-H1 promoter deletion constructs in Fig. 2(F) and a STAT3-expressing construct or empty
vector construct as control, luciferase activity was measured and normalized. Cells transfected with constructs containing either two STAT3 binding sites (constructs 927, 705,
231) or one binding site (construct 149) showed essentially similar luciferase activity (**p < 0.01 for difference from empty plasmid transfected control cells by ANOVA for
multiple comparison). (H) A549 cells were transfected with one of three designated constructs (construct 927, 927Mut1 containing mutated STAT3 binding site 1, 927Mut2
with mutated STAT3 binding site 2) and a wild-type STAT3-expressing plasmid or an empty vector plasmid. Forty-eight hours later, luciferase activity was measured and
normalized. Cells transfected with construct 927Mut2 but not 927Mut1 showed significantly decreased luciferase activity (**p < 0.01 for difference from empty plasmid
transfected control cells; #*#p <0.01 for the difference from the cells transfected with construct 927; *'p <0.01 for the difference from cells transfected with construct
927Mut1 by ANOVA for multiple comparison). (I) A549 cells stably transfected with a control or nm23-H1-specific ShRNA were either left untreated or treated with IL-6
(1 ng/mL) for 1 h, and STAT3 binding to an oligonucleotide containing the STAT3 binding site 2 in the nm23-H1 promoter was detected using avidin-biotin complex DNA
assays.

overnight at 4 °C on a rotator. Beads were collected by centrifuga- 2.10. Statistical analysis
tion and washed repeatedly with immunoprecipitation buffer. The
precipitated beads were then boiled in Laemmli sample buffer, and Data were analyzed by using the SPSS 13.0 statistical software

STAT3 was detected by Western blot. The following STAT3 3’ bio- (SPSS Inc., Chicago, IL) and are presented as means + SD (standard
tinylated oligonucleotides were used: 5-GTGGGCGAGCGGT deviation). Analysis of variance (ANOVA) was used to analyze the
GTTCTGCAAAATGGGCTCTCCGG-3' (sense) and 5-CCGGAGAGCC- differences among different groups, and p <0.05 was considered
CATTTTGCA GAACACCGCTCGCCCAC-3' (antisense). statistically significant.
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3. Results and discussion
3.1. nm23-H1 negatively regulated STAT3 activity

Previous study in a mouse model showed that the level of
STAT3 activity in human melanoma metastatic to brain was higher
than in primary melanoma tissues [4]. We speculated that nm23-
H1, which was the first metastasis-suppressor gene to be identified
on the basis of an inverse relationship between nm23-H1 expres-
sion and metastasis stage, might play a role in regulating STAT3
activity. To investigate this possibility, we used an established
in vitro model of IL-6-induced STAT3 activation and short interfer-
ing RNA (siRNA) targeting nm23-H1 to knock down its expression.
The suppression of nm23-H1 expression was confirmed by both
western blot (Fig. 1A) and quantitative RT-PCR (Fig. 1B). At 48 h
after transfection, exposure of exogenous IL-6 in scrambled siR-
NA-transfected A549 cells induced tyrosine 705 phosphorylation
in a dose-dependent manner, and IL-6-induced STAT3™"7% phos-
phorylation was significantly enhanced in A549 cells transfected
with siRNA specific for nm23-H1 (Fig. 1C). However, serine 727
phosphorylation of STAT3 was not appreciably affected by either
exposure to IL-6 or nm23-H1 depletion. The striking difference in
IL-6-induced p-STAT3™'7% Jevels induced by nm23-H1 knock-
down was mirrored by changes in its downstream target c-Myc
(Fig. 1A and C), suggesting that IL-6-dependent induction of tyro-
sine phosphorylation and activity of STAT3 were inhibited by
nm23-H1. To control RNAi-dependent off-target effects, we stably
transfected A549 cells with a lentivirus-driven short hairpin RNA
(shRNA) construct. Western blot analysis showed negligible levels
of nm23-H1 protein in the nm23-H1-specific shRNA transfected
cells (A5495""m23-H) compared with control shRNA counterparts
(Fig. 1C and D). Again, the levels of p-STAT3™"/%> were dramatically
induced by IL-6 in cells transfected with control shRNA and, to a
great extent, in cells with nm23-H1 shRNA. We next rescued
nm23-H1 expression by transfection of shRNA-resistant nm23-
H1 expression vector generated by site-directed mutagenesis of
nm23-H1 cDNA into A549°""™m23-H ce|ls (Fig. 1E). We found that
the effect of nm23-H1 depletion on IL-6-induced STAT3™"7% phos-
phorylation was reversed by ectopic expression of shRNA-resistant
nm23-H1 protein. To determine whether STAT3 transcriptional
activity was also potentiated by nm23-H1 depletion, we used the
luciferase reporter assay to measure STAT3-dependent transcrip-
tional activity in nm23-H1-depleted cells (Fig. 1F). A549 cells
transfected with STAT3 reporter plasmid containing seven copies
of STAT3-specific binding sites from the human C-reactive protein
(CRP) gene had a four to fivefold increase in luciferase activity
compared with shScrambled control cells. Together, these findings
showed that nm23-H1 negatively regulated STAT3 phosphoryla-
tion and activity of STAT3.

3.2. Active STAT3 induced nm23-H1 expression in A549 cells

The aforementioned real-time PCR indicated that IL-6 induced
endogenous nm23-H1 expression in A549 cells, which was con-
firmed by western blot (Fig. 2A). To determine whether STAT3
mediated IL-6-induced nm23-H1 expression, we performed trans-
fections to generate cells with increased levels of STAT3 or domi-
nant-negative STAT3 (Fig. 2B). Overexpression of wild-type
STAT3 stimulated nm23-H1 mRNA production in A549 cells, and
this production was significantly lower in cells expressing domi-
nant-negative STAT3. Examination of sequence of region upstream
to the translation start site in the human nm23-H1 gene showed
two putative STAT3 binding sites, —214 to —205 (site 1) and —11
to —3 (site 2) (Fig. 2C). We cloned the promoter region (from
—927 to + 33) of the nm23-H1 gene into a luciferase-based repor-

ter plasmid and co-transfected either wild-type STAT3 c¢DNA or
dominant-negative STAT3 construct with the nm23-H1 reporter
construct into A549 cells. As shown in Fig. 2D, the STAT3-stimu-
lated nm23-H1 promoter activity was significantly inhibited by
overexpression of dominant-negative STAT3. To determine
whether STAT3 directly binds to the nm23-H1 promoter, ChIP as-
says were performed in A549 cells co-transfected STAT3 with the
nm23-H1 promoter construct (Fig. 2E). PCR primers that specifi-
cally amplify a 176-bp fragment of the nm23-H1 promoter con-
taining putative STAT3 binding sites showed a striking increase
in nm23-H1 promoter immunoprecipitated by anti-STAT3 com-
pared with control IgG. To further explore the role of STAT3 bind-
ing site in the regulation of nm23-H1 expression, we co-
transfected a set of nm23-H1 reporter deletion constructs with
wild-type STAT3 (Fig. 2F and G). Constructs that contained both
predicted STAT3 binding sites (927, 705 and 231) or one binding
site (149, site 2) still showed a significant induction of nm23-H1
promoter activity. Mutation of putative STAT3 binding site 2 pre-
vented the induction by STAT3, whereas mutation of binding site
1 did not. Thus, STAT3 induced nm23-H1 transcription and re-
quired binding site 2, but not site 1 (Fig. 2H).

The evidence so far has led to a working model in which STAT3
activity is fine-tuned by nm23-H1 via a negative feedback mecha-
nism; therefore, reduction or loss of nm23-H1 would lead to higher
STAT3 activity. To test this hypothesis, we used biotinylated dou-
bled-stranded oligonucleotides containing binding site 2 to immu-
noprecipitate active STAT3 in nm23-H1-depleted cells (Fig. 2I).
Immunoprecipitation of cell homogenates with double-stranded
oligos followed by western blot with an anti-STAT3 antibody
showed that IL-6 treatment led to increased recruitment of STAT3
to the nm23-H1 promoter in the cells transfected with control
shRNA. However, the binding of STAT3 to nm23-H1 promoter
was significantly increased in nm23-H1-depleted cells.

We have identified a new function for nm23-H1 as a metastasis
suppressor, acting through a negatively regulating STAT3. Aberrant
STAT3 signaling has recently emerged as one of the major mecha-
nisms for cancer progression and metastasis [13]. Constitutively
active STAT3 has been found in a variety of tumors, including
breast, prostate, ovarian, and lung cancers [14-17]. What’s more,
Huang and colleagues using a human melanoma brain metastasis
animal model-found higher levels of STAT3 activity in metastatic
tissues than in primary tumors [18]. In general, the amplitude of
STATS3 signaling is fine-tuned via negative feedback mechanisms.
The suppressor of cytokine signaling (SOCS) proteins that are acti-
vated by STAT3 have been shown to be key negative regulators of
STAT3 activation [19]. Recent studies have also indicated that cave-
olin-1 plays a critical role in STAT3-driven invasion and metastasis
of breast cancer cells [18,20].

We have demonstrated in this study that STAT3 directly binds
to the nm23-H1 promoter and activates nm23-H1 expression,
which in turn attenuates STAT3 activity. This feedback mecha-
nism might provide insight into an in-built metastasis-suppressor
function in tumor cells and ensure that oncogenic mutations can
also activate a metastasis-suppression program to prevent tumor
progression. This feedback network could be a logical new target
for the design of the therapeutic strategies for treatment of early
metastatic diseases. It is thus of great interest to better under-
stand the mechanisms underlying negative regulation of STAT3
by nm23-H1.
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