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Abstract

Background & Aims—Genetic studies indicate that distinct signaling modulators are each
necessary but not individually sufficient for embryonic hepatocyte survival /n vivo. Nevertheless,
how signaling players are interconnected into functional circuits and how they coordinate the
balance of cell survival and death in developing livers are still major unresolved issues. In the
present study, we examined the modulation of the p53 pathway by HGF/Met in embryonic livers.

Methods—We combined pharmacological and genetic approaches to biochemically and
functionally evaluate p53 pathway modulation in primary embryonic hepatocytes and in
developing livers. RT-PCR arrays were applied to investigate the selectivity of p53 transcriptional
response triggered by Met.

Results—Met recruits p53 to regulate the liver developmental program, by qualitatively
modulating its transcriptional properties: turning on the MdmZ survival gene, while keeping death
and cell-cycle arrest genes Pmaipl and p21 silent. We investigated the mechanism leading to p53
regulation by Met and found that Abl and p38MAPK are required for p53 phosphorylation on
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$389 Mdm2 upregulation, and hepatocyte survival. Alteration of this signaling mechanism
switches p53 properties, leading to p53-dependent cell death in embryonic livers. RT-PCR array
studies affirmed the ability of the Met-Abl-p53 axis to modulate the expression of distinct genes
that can be regulated by p53.

Conclusions—A signaling circuit involving Abl and p38MAPK is required downstream of Met
for the survival of embryonic hepatocytes, via qualitative regulation of the p53 transcriptional
response, by switching its proapoptotic into survival properties.
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Introduction

Cell fate during development is regulated by environmental signals integrated through the
function of several membrane-bound signaling molecules, including receptor tyrosine
kinases (RTKs) [1]. RTK activation is tightly monitored during embryogenesis and in
healthy adult tissues, as their aberrant function can cause degenerative pathologies or cancer.
Conversely, reactivation of RTK signaling for survival and repair occurs frequently in cells
undergoing degenerative processes [2]. Critical signaling circuits modulating developmental
processes by RTKs, are often reemployed during regenerative processes (in a controlled
manner) or in oncogenic events (through over-activation). Therefore, identification of these
circuits can enlighten “druggable” signals in order to modulate RTK function in human
diseases and re-establish proper tissue homeostasis.

We are interested in identifying common functional requirements of RTK signaling
employed during developmental and pathological processes. The hepatocyte growth factor
(HGF)/Met system is an interesting model since it regulates imperative outcomes during
both development [3-10] and regenerative processes [11-14]. Our genetic studies had
previously demonstrated that HGF/Met acted on selected signaling pathways to trigger
qualitatively distinct biological outcomes in different tissues [5,10,15]. Intriguingly, for
some developmental responses in specific cells, HGF/Met coordinates multiple signaling
actors. This is illustrated by HGF/Met-mediated survival of embryonic hepatocytes, which
requires a complex intracellular signaling network, as evidenced by loss-of-function genetic
mutations. Using knock-in mice carrying signaling mutant versions of Met, we demonstrated
that embryonic hepatocyte survival is established by distinct modulators that are each
necessary, but not individually sufficient for liver development [9,15,16].

Here we have examined how Met signaling influences the p53 pathway in the developing
liver and found that Met recruits p53 by qualitatively modulating its transcriptional
properties. This function involves upregulation of the MdmZ2 survival gene, while keeping
death and cell-cycle arrest genes inactive. This regulation of p53 by Met involves a signaling
circuit in which Abl activates p38MAPK, leading to p53 phosphorylation on $38°,
Consistent with these results, both Ab/and p38a mutant livers show enhanced hepatocyte
death, accompanied by phosphorylation of p53 on Ser!® and a switch of p53 function into
pro-apoptotic properties.

materials and methods

Additional procedures are available as Supplementary material.

Protein extracts, immunoblotting, and immunoprecipitation

Cell extracts and Western blots were performed as previously described [9,16].
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Experiments using animals were performed in accordance with the European Community
Council Directive of 24.11.1986 on the protection of animals used for experimental
purposes (86/609/EEC).

Statistical analysis

Results

Results were expressed as mean + s.e.m. Quantification of biological assays was analyzed
by Student-#test. Statistical significance was defined as n.s., p>0.05;"p<0.05; “*p

<0.01; ™ p<0.001.

Met selectively upregulates the p53 target gene Mdm2, but not p21 and Pmaip1l, in
embryonic hepatocytes

To investigate HGF/Met modulation of the p53 pathway in developing livers, we followed
the expression of p53 target genes regulating survival, cell-cycle arrest, and apoptosis
[17,18]. HGF treatment selectively increased mRNA levels of MdmZ2 (survival), but not of
p21 (cell-cycle arrest) and Pmaipl (Noxa; apoptosis) in embryonic hepatocytes (Fig. 1A,
Supplementary Fig. 1A). Upregulation of Mdm2 protein levels was also detected upon HGF
stimulation and was prevented by the transcription inhibitor actinomycinD (ActD) or by the
Met inhibitor SU11274 (Fig. 1B and C). The requirement of p53 for Mdm2 upregulation by
Met was then assessed through pharmacological and genetic studies. Pharmacological
inhibition of p53 with pifithrin-a prevented Mdm2 upregulation by HGF (Fig. 1D).
Moreover, upregulation of Mdm2 mRNA and protein levels by HGF did not occur in p537/~
embryonic hepatocytes (Fig. 1E and F).

We next addressed how p53 may be controlled to enable selective MamZ2transcription in
cells exposed to HGF. Basal levels of p53 in embryonic hepatocytes did not significantly
change following HGF treatment (Fig. 1G). Post-translational modifications of p53,
including multisite phosphorylation, are known to affect its transcriptional activity [17,19].
We found that HGF treatment led to p53 phosphorylation selectively on $38° (Fig. 1G),
corresponding to $392 in human p53. Phosphorylation of this Ser residue, located in the
carboxyl-terminal region, may lead, in specific cellular contexts, to p53 oligomerization,
enhancing its DNA binding capacity and transcriptional activity [17,19,20]. In contrast, no
significant changes were observed on Ser!8, corresponding to Ser!® in human p53, located in
the amino-terminal region, which stabilizes p53 protein predominantly in response to stress
stimuli (Fig. 1G). Thus, selective MdmZ2transcriptional regulation by HGF/Met correlated
with p53 phosphorylation on S389,

p38MAPK signaling is required for p53 phosphorylation on S38° and Mdm2 upregulation
by Met in embryonic hepatocytes

The qualitative regulation of p53 phosphorylation and MdmZ2 upregulation by Met prompted
us to identify the signaling mechanisms involved. As p38MAPK regulates phosphorylation
of p53 on $392 in cancer cells [21,22], we investigated whether p38MAPK signaling was
involved in p53 phosphorylation on S389 and Mam2 expression by Met in embryonic
hepatocytes. HGF stimulation led to p38MAPK phosphorylation in embryonic hepatocytes
(Fig. 2A, Supplementary Fig. 1B), as reported in other cell types [22,23]. Intriguingly,
whereas a peak of p38MAPK phosphorylation on T80Y182 was observed shortly after HGF
stimulation, enhanced phosphorylation on Y182 was detected only at later time points, when
p53 phosphorylation on $389 and Mdm2 upregulation were observed (Fig. 2A,
Supplementary Fig. 1B). Treatment with the p38a./f inhibitor SB202190 interfered with
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Met-triggered p53 phosphorylation on $389 (Fig. 2B) and Mdm?2 upregulation (Fig. 2C,
Supplementary Fig. 1C).

The requirement of p38MAPKSs for both p53 phosphorylation and Mdm2 upregulation by
Met was further investigated by genetic studies using hepatocytes from double
p38a~"~,p38B~ knock-out embryos. Notably, HGF failed to induce p53 phosphorylation on
5389 and Mdm2 upregulation in p38a™'~,;p388~~ embryonic hepatocytes (Fig. 2D and E).
These results demonstrated that p38MAPK signaling was required downstream of Met for
p53 phosphorylation on $389 and Mdm2 upregulation in embryonic hepatocytes.

We previously showed in cancer cells that p53 phosphorylation on S392 is required for its
enhanced binding to the MamZ2 promoter following HGF stimulation [21,22]. Therefore, we
next assayed whether p38MAPK-dependent p53 phosphorylation on $389 enhanced its DNA
binding, by performing chromatin immunoprecipitation studies in embryonic hepatocytes.
HGF increased the levels of p53 bound to the Mdm.Z2 promoter, whereas p38MAPK
inhibition drastically reduced this binding (Supplementary Fig. 1D). In contrast, no
differences were observed on p53 binding to the Cyc/lin B2 promoter (Supplementary Fig.
1D), showing the specificity of p53 DNA binding modulation.

The requirement of p38MAPK for this process was intriguing as we have recently reported
that p38a~'~;p3867'~ mutant embryos show enhanced cell death in livers [24]. Consistently,
we found an increased number of cleaved-caspase 3-positive cells in p38a~'~,p3867
embryos, similar to Met?? signaling mutants (Fig. 2F) [5]. This was accompanied by
increased levels of pS18-p53-positive cells in p38a™~,;p3867 embryos (Fig. 2G), indicating
that altered p38MAPK signaling consequently led to a switch in p53 function towards pro-
apoptosis. Together, these findings indicated that p38MAPK signaling regulated
phosphorylation of p53 on S389 and embryonic hepatocyte survival by HGF/Met, thus
preventing p53 stress-signaling properties.

Abl is required for p53 phosphorylation on S38% and Mdm2 upregulation by Met in
embryonic hepatocytes

We next sought to investigate the pathway that connects Met to p38MAPK activation and
p53-induced upregulation of Mdm2. We first explored the requirement of the MEK, Akt,
mTOR, and NFxB pathways, which can all influence p53 functions in other cell types. None
of them were required for Met-triggered Mdm.2 upregulation (data not shown). We also
excluded FAK and ENIGMA as being part of this pathway since they regulate Mdm2
ubiquitination properties and stability, respectively [25,26]. We next explored Abl
involvement based mainly on two observations: Abl regulates p53 function in cell lines
exposed to stress conditions [27], and contributes to cell survival downstream of RTKSs in
cancer cells [22,28].

We first assessed whether Abl was activated in embryonic hepatocytes following HGF
stimulation and found strong Abl phosphorylation induced with a kinetics similar to that
observed for increases in pY182-p38MAPK, pS389-p53, and Mdm2 levels (Figs. 2A and 3A).
Inhibition of Abl by imatinib or nilotinib interfered with Met-triggered Mdm2 upregulation
as well as with p38BMAPK and p53 phosphorylation on $389 in embryonic hepatocytes (Fig.
3B-E, and Supplementary Fig. 1B and E). Imatinib can also inhibit PDGFR and Kit, in
addition to Abl, but none of them were expressed in the cells used in our studies
(Supplementary Fig. 1F and G). We then assessed Abl requirement for HGF/Met-mediated
embryonic hepatocyte survival. HGF pre-incubation prevented TNFa + ActD-triggered cell
death (Fig. 3F) [16], whereas Abl inhibition abolished HGF-induced survival, similar to Met
inhibition (Fig. 3F). Together, these findings indicate that Abl signaling downstream of Met
is required for Mdm2 expression and survival of hepatocytes in culture.
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We next sought to clarify whether Abl regulated Mdm2 levels and hepatocyte survival in
developing livers, where Mdm2 translational modulation by mTOR is required for
hepatocyte survival [16]. This question was addressed in E12.5 livers dissected from
imatinib-injected pregnant mice. Notably, pharmacological inhibition of Abl significantly
reduced Mdm2 protein levels in E12.5 livers, caused cell death evidenced by a raise of
cleaved-caspase 3-positive cells, and increased levels of pS18-p53-positive cells (Fig. 4A
and B), highlighting a switch in p53 properties towards pro-apoptosis. Remarkably, Abl
inhibition did not lead to cell death in p53/~ embryos (Fig. 4B, Supplementary Fig. 1H).
Together, these findings demonstrated that alteration of the Met-Abl-p38MAPK axis led to
cell death in a p53-dependent manner. Finally, we genetically investigated whether Abl
signaling was required for hepatocyte survival in developing livers. No obvious defects were
found in Ab/ " livers at developmental stages, possibly due to compensatory functions
between Abl and its homologue Arg during embryogenesis. In contrast, livers of Ab/7~
newborns were smaller (Fig. 4C) and often exhibited necrotic areas. Consistently, Ab/7~
livers showed a higher number of cleaved-caspase 3- and pS8-p53-positive cells (Fig. 4D).
Together, these findings provided pharmacological and genetic evidence that Abl signaling
was required for hepatocyte survival, which depended on p53-induced Mdm2 upregulation.
However, it is likely that the Abl/p38MAPK circuit is not sufficient, per se, to mediate
hepatocyte survival, considering the complexity of the pathways required, as evidenced by
loss-of-function genetic mutations.

The Met-Abl-p53 axis regulates the expression of distinct genes known to be targeted by

p53

We next assessed whether the Abl-p53 axis influenced gene expression by Met in embryonic
hepatocytes. Expression levels of 84 genes, known to be p53 targets in several cellular
systems, were analyzed by RT-PCR in HGF-treated or non-treated embryonic hepatocytes.
We found that HGF treatment significantly modified the expression of 17 genes (greater
than 50% change; p <0.05; Fig. 4E): expression of 5 genes was increased, whereas
expression of 12 genes was reduced (Fig. 4E, and Supplementary Fig. 2). Consistent with
the results shown in Fig. 1, the levels of Mdm.Z2were upregulated, those of Pmaip1 were
downregulated, and those of p27 unchanged upon HGF stimulation, thus supporting the
overall outcomes from the array. These results indicated that HGF/Met selectively regulated
the expression of several known p53 targets.

We next asked whether transcriptional regulation of these genes required Abl signaling by
analyzing their expression profile in HGF-treated cells either exposed or not to Abl
inhibitor. Intriguingly, these studies showed that 5 out of the 17 genes regulated by HGF/
Met, required Abl signaling (group A: CdknZa, Madm2, Egrl, Jun, RelA; Fig. 4E), whereas
the modulation of 6 genes was unchanged in the presence of nilotinib (group C: Bc/2,
Pmaipl, Trp53bp2, Sfn, Brcal, Statl; Fig. 4E). The remaining genes were either inversely
regulated by HGF and nilotinib (group B: Gadd45a, Parc; Fig. 4E) or the effect of HGF was
potentiated upon Abl inhibition (group D: Btg2, Tnf, E2f1, Erccl; Fig. 4E). Inhibition of
either Abl or p53 influenced gene expression in a similar manner (Supplementary Fig. 3A
and B), further suggesting that the Abl-p53 axis may contribute to the selective gene
expression regulation by HGF/Met.

By investigating the interactome network composed of the products of these p53 target
genes modulated by HGF, we found that all but 3 are interconnected (Supplementary Figs. 4
and 5). By assessing their vicinity within this interactome, we noticed that proteins were
very closely linked within groups A and C, as attested by the average shortest path length
separating them (/4= 1.8 £0.74, /o= 2.33 £ 0.78, /interactome = 3.02 + 0.8). This analysis
suggested that proteins encoded by genes belonging to a single group (group A or C) might
be involved in a common process. Investigating the subnetworks formed by the gene
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products A and C and their shared respective interactors indicated a correlation between
their topological proximity and their functional homogeneity (Supplementary Fig. 4A and
B). According to Biological Process Gene Ontology, the most statistically over-represented
terms for subnetwork A and C are “positive regulation of gene expression” (enrichment 8,7;
pval =3.2 E77) and “cell death” (enrichment 8,8; pval = 1.3 E~/; Supplementary Figs. 4
and 6), respectively. However, this analysis may be biased by the restricted number of p53
target genes (84) used in this study. Thus, HGF/Met signaling makes use of the Abl-p53 axis
for selective gene transcriptional regulation in embryonic hepatocytes.

Discussion

Precise control of cell number by regulating their survival capability is a key step in cell fate
determination. Survival deregulation can lead to developmental or degenerative diseases as
well as cancer. Our data reveal a pathway that HGF/Met uses to control hepatocyte survival
in developing livers. The mechanism involved highlights three key signaling aspects. First,
Abl is required downstream of RTKSs for cell survival during mouse embryogenesis. Second,
in the absence of stress stimuli, p53 is recruited by RTKS to participate in embryonic
hepatocyte survival, by qualitatively modulating p53 transcriptional properties. These
findings raise the provocative idea that RTKSs such as Met can instruct p53 to participate in
developmental programs. Third, the genes known to be regulated by p53 that are modulated
by HGF/Met belong to different clusters, which might be functionally distinct according to
their interacting partners. The outcomes of our developmental studies may be relevant to
liver regeneration as Met is also a key modulator of this process.

Abl functions during development: an essential player downstream of the Met RTK

Genetic studies have highlighted that the tyrosine kinases Abl and Arg play fundamental
roles during mouse embryogenesis [29-31]. The uncovering of a full spectrum of their
developmental functions in vertebrates has been partially limited by two main reasons. First,
both Abl and Arg are widely expressed during development, with overlapping functions.
Indeed, single mutants have subtle defects at birth, whereas double Ab/-and Arg-deficient
embryos die around E11 [29]. Second, most of the Ab/mutants display mortality at perinatal
stages [30-32], at the time when Arg expression becomes more restricted to neural tissues.
Strategies to bypass such lethality allowed the identification of new functions of Abl during
cardiac and cerebellum development [33,34]. /n7 vitro studies have shown that Abl activation
occurs downstream of PDGFR, IGFR, and ErbB family members, and contributes to
proliferation, invasion, survival, cytoskeletal reorganization, cell motility, and response to
oxidative stresssDNA damage, depending on cell types [35-39]. Whether Abl participates in
the RTK-regulated developmental programs has not been reported, so far, although Abl is
known to contribute to bone or heart development, which are modulated by RTKs [32,33].
For the first time, our findings show the direct contribution of Abl to developmental events
elicited by RTKSs. As Abl participates in distinct biological outcomes in cultured cells, its
role during RTK-controlled embryogenesis is most likely imposed by the cellular context in
which it acts.

Recruiting p53 to developmental processes through its qualitative tuning by the Met RTK

In response to a wide variety of signals, p53 regulates the transcription of several genes
involved in life and death cell fate decision, depending on the cell type and the extent of the
stimuli [17,18]. New roles of p53, unrelated to stress, have also emerged in developmental,
stemness, and reprogramming processes [40]. Thus, rather than being a simple tumor
suppressor gene, p53 appears to be integrated in instructive outputs to ensure proper
biological responses. The identification of p53 functions in absence of stress, such as during
embryogenesis, has been limited as p53 7~ mice develop normally. Such dispensable feature
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is consistent with the proposed “guardian” role of p53, which maintains it in an inactive
state in absence of genetic damage or altered input, but makes it active when signaling
networks function in an inappropriate way. We have previously shown that p53 regulates
cell death in Metembryos and demonstrated that functional Mdmz2 is required to restrain its
stress-sensor properties [16]. The transcriptional regulation of Mdm2 via the Abl-p38MAPK
pathway highlighted in this study further emphasizes the importance of fine-tuning p53
functions by Met in developmental programs such as hepatocyte survival. Intriguingly, at
least in embryonic cells, dysfunction of this pathway by impairment of one of its signaling
components switches p53 into an active modulator of cell stress and death. This model is
supported by our findings showing: a) p53 phosphorylation on Ser!8 in ab/”~ or p38a~'-;
3867~ mutants compared to controls, b) enhanced cleaved-caspase3-positive cells when
Abl signaling is impaired in wild-type, but not in p53/~ mutant embryos.

Our results show that the Met-Abl-p38MAPK pathway regulates p53 phosphorylation on
$389 This post-translational modification correlates with p53 binding to specific promoters
(MdmZ, but not Cyclin B2) and with qualitative transcriptional read-outs of p53 target
genes. RT-PCR array studies allowed us to conclude that HGF/Met modulates the
expression of a restricted number of genes known to be targeted by p53 through the Abl-p53
axis. Notably, different subsets of HGF-regulated genes could be highlighted, differentially
depending on Abl signaling. Based on our interactome studies, it is tempting to speculate
that these groups of proteins together with their interaction partners have distinct functional
characteristics. As gene activation and interactome network are redefined by the cellular
context, future studies will provide mechanistic evidence of these relevant interactomes in
embryonic hepatocytes.

Abl and p53 crosstalk: switching outcomes and roles according to the context

Previous studies using stressed cultured cells showed that Abl acts on p53 signaling by
contributing to its pro-apoptotic function [27]. However, the oncogenic BCR-ABL leads
toMdm2upregulation and survival [41], indicating that BCR-ABL has a pro-survival role in
cells not under stress conditions. The role of Abl in solid tumors has remained largely
unknown, mainly because mutated forms of Abl have been found only in a few cases [35].
We have recently shown that Abl interconnects oncogenic RTK signaling to p53 core
pathways in cancer cells [22]. Notably, there is a significant correlation between wild type
p53 phosphorylation on $392, Mdm?2 upregulation, and activated Met in human
hepatocellular carcinomas [22]. It is tempting to speculate that the Met-Abl-p53 circuit
represents a robust signaling path for cell survival, employed during development and
revisited by cancer cells. In a constant effort to identify new agents for treatment of liver
pathologies, lessons from development might be instrumental to extend the effective use of
available agents for molecularly targeted therapies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. Qualitativeregulation of p53 target genes by HGF/Met in embryonic hepatocytes
correlateswith its phosphorylation on

(A) Quantitative RT-PCR analysis of Mdm2, Pmaipl, and p21 transcripts with/without HGF
(H) stimulation, or 5FU. (B) Mdm2, but not p21 or Pmaip1, upregulation by HGF. (C)
Impaired Mdm2 protein upregulation by ActD or SU11274 (SU). (D) Dose-dependent
impairment of Mdm2 upregulation by pifithrin-a.. (E and F) HGF stimulation does not
increase Mdm2 mRNA and protein in p53-null cells. (G) HGF treatment leads to p53
phosphorylation on $389, but not on S8, ActD + TNFa stress treatment upregulates p53,
pS18-p53, and pS389-p53 levels. “p <0.05; **p<0.01; " p<0.001.
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Fig. 2. Impairment of p38a; p38p interfereswith p53 phosphorylation on $389 and Mdm2
upregulation by Met in embryonic hepatocytes

(A) Time course analysis of Mdm2, pS389-p53, pY182.p38, p-T180y182.p38 and p53
following HGF stimulation. (B and C) Inhibition of p38a; p38p signaling by SB202190
(SB) affects HGF-mediated upregulation of pS389-p53 and Mdm2. (D and E) Drastic
reduction of HGF-induced (H) pS389-p53 (18 h) and Mdm?2 (24 h) upregulation in p38a~'~;
03867~ hepatocytes. (F and G) Increase in cleaved-caspase 3-positive cells parallels the rise
in pS18-p53-positive cells in p38a~'~; p383~"~ livers compared to wild type. Met?? mutants
were used as controls. Quantification of cleaved-caspase 3- and pS!8-p53-positive cells is
shown (cleaved-caspase 3: n = 3; 2.93 + 0.37; p<0.001; pS'8-p53: n=4; 2.84 £ 0.28; p
<0.001); " p<0.001. (This figure appears in color on the web.)
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Fig. 3. Abl isrequired for HGF-induced Mdm2 upregulation, p8389-p53, and survival of
embryonic hepatocytes

(A) Immunoprecipitation (ip) followed by Western blot analysis showing HGF-induced Abl
phosphorylation on a Tyr residue (pY) in embryonic hepatocytes. Upregulation of Mdm2
and p-p38MAPK levels by HGF is shown. (B) Abl inhibition interferes with HGF-mediated
upregulation of Mam2mRNA. (C-E) Impairment of Mdm?2 upregulation and pS389-p53 by
HGF in cells exposed to Abl inhibitors. (F) Pre-incubation with HGF (6 h) of embryonic
hepatocytes prevents cell death triggered by TNFa + ActD treatment (18 h). HGF survival
response is abolished in the presence of Met (SU11274: 1 uM) or Abl (imatinib: 10 nM)
inhibitors. *p <0.05; ***p <0.001.
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Fig. 4. Abl impairment leadsto Mdm2 downregulation and cell death in vivo

(A) Mdm2, pS'8-p53, and cleaved-caspase 3 levels from E12.5 livers dissected from
imatinib-treated pregnant females (p = 0.03). (B) Abl inhibition increases cleaved-caspase 3-
(n=5;4.71 £ 0.4, p<0.001), and pS18-p53-positive cells (n = 5; 3.08 + 0.08, p<0.01).
Similar levels of cleaved-caspase 3-positive cells were observed in imatinib-treated p537/~
mutants and non-injected embryos. (C) Ab/7~ and wild type P4 livers. (D) Increased
cleaved-caspase 3 (n = 6, 4.64 + 1.14, p<0.01) and pS18-p53- (n = 3, 9.28 + 1.9, p<0.01)
positive cells in Ab/~ livers. (E) HGF/Met elicits qualitative transcriptional outcomes of
genes known to be regulated by p53, which belong to distinct clusters. Group A: Abl-
dependent HGF-regulated genes. Group B: genes inversely regulated by HGF or nilotinib/
HGF. Group C: Abl-independent HGF-regulated genes. Group D: nilotinib-enhanced HGF-
regulated genes. n.s., p>0.05; *p<0.05; **p<0.01. (This figure appears in color on the web.)
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